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[57] ABSTRACT

The ethylene/a-olefin/7-methyl-1,6-octadiene copoly-
mer rubber of the invention is a random copolymer
rubber prepared using a Group IVB transition metal
type catalyst containing a specific zirconium catalyst
component, and in this copolymer rubber, a molar ratio
of ethylene to a-olefin, a diene content, an intrinsic
viscosity {7}, an intensity ratio D of Taf to Taa in a
13C-NMR spectrum of said copolymer rubber, a B
value which 1s a measure of distribution of each mono-
mer and a glass transition temperature are all within
specific ranges. The rubber composition of the inven-
tion comprises the above-mentioned random copolymer
rubber and a conjugated diene rubber. The random

copolymer rubber has high stereoregularity, narrow
composition distribution and excellent low-temperature
flexibility, and shows extremely high covulcanizability
with the conjugated diene rubber. In addition, this ran-
dom copolymer rubber is excellent in weathering resis-
tance, ozone resistance and thermal aging resistance.

12 Claims, 1 Drawing Sheet
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ETHYLENE/ALPHA-OLEFIN/7-METHYL-1,6-
OCTADIENE COPOLYMER RUBBER AND
COMPOSITION OF THE SAME

FIELD OF THE INVENTION

The present invention relates to an ethylene/a-
olefin/7-methyl-1,6-octadiene copolymer rubber hav-
ing a narrow composition distribution and excellent
low-temperature flexibility. The present invention also
relates to a composition comprising the above-men-
tioned copolymer rubber.

BACKGROUND OF THE INVENTION

Ethylene/propylene rubbers (EPM) or ethylene/pro-
pylene /diene rubbers (EPDM) are excellent in weath-
ering resistance, ozone resistance and thermal aging
resistance, because they have no double bond in a main
chain of the molecular structure. Owing to these excel-
lent properties, the ethylene/propylene/diene rubbers 20
have been widely used for various automotive parts
where static force is applied, such as weatherstripping,
channel for door glass run and radiator hose.

On the other hand, for most of automotive parts re-
quiring mechanical strength against dynamic force,
such as tire, rubber vibration insulator and wiper blade,
there have been used conjugated diene rubbers having
double bond in a main chain of the molecular structure,
such as NR, SBR, IR and BR, and blends thereof.

By the way, in accordance with high performance of 30
automobiles in recent years, it has been eagerly desired
to improve thermal aging resistance and weathering
resistance of automotive parts.

However, the conjugated diene rubbers are poor in
heat resistance and weathering resistance though they
are excellent in dynamic mechanical characteristics
(dynamic fatigue resistance), whereas EPDM is bad in
dynamic mechanical charactenstics though it is excel-
lent in weathering resistance, ozone resistance and ther-
mal aging resistance.

On that connection, studies on various blends of
EPDM and the conjugated diene rubbers have been
made by blending EPDM with the conjugated diene
rubber to exhibit advantages of these materials.

Techniques with respect to the blends of EPDM and
the conjugated diene rubbers in the above studies are
listed in “Japanese Rubber Institute Bulletin, 51,685” by
Yasuhiro Oda and Masashi Aoshima, 1978. In this bulle-
tin are introduced as blending means (1) polysulfide
vulcanization, (2) peroxide vulcanization, (3) use of 50
prevulcanized EPDM, (4) use of EPDM having a high
iodine value, (5) use of halogenated EPDM, and (6) use
of an accelerator having a long chain alkyl group.

However, any of those means has no practical effect,
and almost no product has been produced yet utilizing 55
those means. The reason is that a vulcanization speed of
the conventional EPDM is extremely slow as compared
with the conjugated diene rubber. That 1s, because of
the slow vulcanization speed of EPDM, a mixture of
EPDM and the conjugated diene rubber is insufficient 60
in mutual vulcanization between EPDM and the conju-
gated diene rubber, and hence mechanical strength of
the mixture is deteriorated.

Accordingly, in order to obtain a rubber composition
having advantages of both the conjugated diene rubber 65
and EPDM, there has been eagerly desired the advent
of a polymer not only showing low-temperature flexi-
bility of the same level as that of the conjugated diene
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rubber and heat resistance and weathering resistance of
the same levels as those of EPDM but also having an
extremely high vulcanization speed.

Copolymerization of ethylene with a-olefin (e.g.,
propylene) and 7-methyl-1,6-octadiene (also referred to
as “MOD” hereinafter) in the presence of a catalyst
comprising a vanadium compound which has been con-
ventionally used for preparing an ethylene/propylene/-
non-conjugated diene copolymer rubber has been tried,
but it is impossible to industrially copolymerize these
olefins because activities of the catalysts are markedly
deteriorated.

Further, a copolymer of ethylene, a-olefin (e.g.,
propylene) and MOD obtained by using a catalyst com-
prising a titanium compound which has been conven-
tionally used for preparing polyethylene or polypropyl-
ene has a wide composition distribution and poor vulca-
nization properties. Moreover, this copolymer can be
difficultly prepared in a homogeneous solution because
a copolymer having high ethylene content is precipi-
tated during the preparation of the copolymer.

As prior art, Japanese Patent Laid-Open Publication
No. 2(1990)-51512 discloses an unsaturated ethylene/a-
olefin random copolymer whose vulcanization speed 1s
higher as compared with conventional unsaturated
ethylene/a-olefin random copolymers. The unsaturated
ethylene/a-olefin random copolymer disclosed in this
publication is a random copolymer derived from ethyl-
ene, a-olefin of 3 to 12 carbon atoms and a non-conju-
gated diene compound represented by the following
formula [Iland characterized in that:

1) a number-average molecular weight is in the range
of 3,000 to 500,000 in terms of polystyrene;

2) a weight-average molecular weight 1s in the range
of 6,000 to 5,000,000 in terms of polystyrene;

3) a content of the non-conjugated diene compound is
not less than 3 in terms of iodine value; and

4) a bonding ratio of ethylene to a-olefin 1s 5-90/95-10
(molar ratio). |

CH,=CH(CH3),C=C—R

RS R2

(1]

wherein n is an integer of 2 to 10, R!is an alkyl group
of 1 to 8 carbon atoms, and R2 and R3 are the same or
different from each other and are each independently a
hydrogen atom or an alkyl group of 1 to 8 carbon
atoms.

Japanese Patent Laid-Open Publication No.
2(1990)-64111 discloses a process for preparing an
EPDM elastomer of low crystallinity and high molecu-
lar weight using a catalyst formed from a metallocene
compound of titanium, zirconium or hafnium and alumi-
noxane.

However, the above-mentioned publications do not
disclose any ethylene/a-olefin/7-methyl-1,6-octadiene
copolymer rubber having a narrow composition distri-
bution and excellent low-temperature flexibility.

In the light of the foregoing, the present inventors
have earnestly studied catalysts, and found that ethyl-
ene, a-olefin and 7-methyl-1,6-octadiene can be copoly-
merized with high activities when a Group IVB transi-
tion metal catalyst containing a specific zirconium cata-
lyst component is used. In the present invention, ethyl-
ene is copolymerized with a-olefin (e.g., propylene) and
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MOD in the presence of a specific Group IVB transi-
tion metal catalyst. |

Further, the present inventors have studied on co-
catalysts, and found that the copolymer obtained by
copolymerizing ethylene, a-olefin (e.g., propylene) and 5
MOD in the presence of a catalyst system wherein an

organoaluminum oxycompound is used as a co-catalyst
in combination with a Group IVB transition metal cata-

lyst such as zirconium compound has a narrow compo-
sition distribution and excellent low-temperature flexi-
bility. Furthermore, they have also found that when the
above-mentioned copolymer is covulcanized with a
conjugated diene rubber, this copolymer exhibits excel-
lent covulcanizability with the conjugated diene rubber,
and that this copolymer provides a composition capable
of forming a vulcanized rubber which is excellent in
weathering resistance, ozone resistance, thermal aging
resistance and low-temperature flexibility without being
deteriorated in the high mechanical characteristics,
abrasion resistance and dynamic fatigue resistance in-
herently belonging to the conjugated diene rubber such
as natural rubber (NR), styrene/butadiene rubber
(SBR), isoprene rubber (IR) or butadiene rubber (BR).
Thus, the present invention has been accomplished.

OBJECT OF THE INVENTION

It is a first object of the invention to provide a novel
ethylene/a-olefin/7-methyl-1,6-octadiene copolymer
rubber having a narrow composition distribution and
excellent low-temperature flexibility.

It is a second object of the invention to provide a
rubber composition comprising the ethylene/a-
olefin/7-methyl-1,6-octadiene copolymer rubber and a
conjugated diene rubber capable of forming a vulca-
nized rubber which is excellent in low-temperature
flexibility, weathering resistance and heat resistance
without being deteriorated in the high mechanical char-
acteristics and oil resistance inherently belonging to a
conjugated diene rubber, wherein the above-mentioned
novel ethylene/a-olefin/7-methyl-1,6-octadiene co-
polymer rubber has a low-temperature flexibility and
vulcanization speed of almost the same levels as those of
the conjugated diene rubber.

SUMMARY OF THE INVENTION

A first ethylene/a-olefin/7-methyl-1,6-octadiene co-
polymer rubber according to the present invention is a
random copolymer rubber and is characterized in that:

(1) a molar ratio of ethylene to a-olefin (ethylene/a-
olefin) is in the range of 40/60 to 90/10;

(ii) a content of 7-methyl-1,6-octadiene is in the range
of 0.4 to 25% by mol;

(ii1) an intrinsic viscosity [n], as measured in decahy-
dronaphthalene at 135 ° C,, is from 0.1 dl/g to 8 dl/g.

(iv) an intensity ratio D of Tapf to Taa (TaB/Taa)
in a 13C-NMR spectrum of the copolymer rubber is not >
more than 0.5; |

(v) a B value determined by a 13C-NMR spectrum of
the copolymer rubber and the following formula 1s in
the range of 1.00 to 1.50; and

(vi) a glass transition temperature Tg measured by
DSC is not higher than —53° C;
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B=P,£/(2PE}Po)

wherein Pg is a molar fraction of the ethylene units 65
derived from ethylene contained in the random copoly-
mer rubber; P, is a molar fraction of the a-olefin units
derived from the a-olefin contained in the random co-

4

polymer rubber; and Pog is a ratio of the number of
a-olefin/ethylene chains to the number of all dyad
chains in the random copolymer rubber.

A second ethylene/a-olefin/7-methyl-1,6-octadiene
copolymer rubber according to the present invention 1s
a random copolymer rubber obtained by copolymeriz-
ing ethylene, a-olefin and 7-methyl-1,6-octadiene in the
presence of a catalyst comprising (a) a Group IVB
transition metal compound containing & ligand having
cyclopentadienyl skeleton and (b) an organoaluminum
oxycompound, wherein the ethylene/a-olefin/7-meth-
yl-1,6-octadiene copolymer rubber is characterized in
that

(i) a molar ratio of ethylene to a-olefin (ethylene/a-
olefin) is in the range of 40/60 to 90/10;

(ii) a content of 7-methyl-1,6-octadiene is in the range
of 0.4 to 25% by mol; - |

(iii) an intrinsic viscosity [}, as measured in decahy-
dronaphthalene at 135° C,, is from 0.1 dl/g to 8 dl/g;

(iv) an intensity ratio D of TaB to Taa (Taf8/Taa)
in a 13C-NMR spectrum of the copolymer rubber is not
more than 0.5;

(v) a B value determined by 2 13C-NMR spectrum of
the copolymer rubber and the above-mentioned for-
mula is in the range of 1.00 to 1.50; and

(vi) a glass transition temperature Tg measured by

- DSC is not higher than —53° C.

A first ethylene/a-olefin/7-methyl-1,6-octadiene co-

 polymer rubber composition according to the present

invention comprising a random copolymer rubber of
ethylene, a-olefin and 7-methyl-l,6-octadiene and a con-
jugated diene rubber, wherein the ethylene/a-olefin/7-
methyl-1,6-octadiene copolymer rubber is character-
ized in that

(i) a molar ratio of ethylene to a-olefin (ethylene/a-
olefin) in the random copolymer rubber is in the range
of 40/60 to 90/10;

(i) a content of 7-methyl-1,6-octadiene in the random
copolymer rubber is in the range of 0.4 t0 25 % by mol;

(iii) an intrinsic viscosity [n] of the random copoly-
mer rubber, as measured in decahydronaphthalene at
135° C., 1s from 0.1 dl/g to 8 dl/g;

(iv) an intensity ratio D of TaB to Taa (TaB/Taa)
in a 13C-NMR spectrum of the random copolymer rub-
ber is not more than 0.5;

(v) a B value determined by a 13C-NMR spectrum of
the random copolymer rubber and the above-mentioned
formula is in the range of 1.00 to 1.50; and

(vi) a glass transition temperature Tg of the random
copolymer rubber measured by DSC 1s not higher than
-53°C.

A second ethylene/a-olefin/7-methyl-1,6-octadiene
copolymer rubber composition according to the present
invention comprising a random copolymer rubber and a
conjugated diene rubber, said random copolymer rub-
ber being obtained by copolymerizing ethylene, a-ole-
fin and 7-methyl-1,6-octadiene in the presence of a cata-
lyst formed from (a) a Group IVB transition metal com-
pound containing a ligand having cyclopentadienyl
skeleton and (b) an organoaluminum oxycompound,
wherein the ethylene/a-olefin/7-methyl-1,6-octadiene
copolymer rubber is characterized in that

(i) a molar ratio of ethylene to a-olefin (ethylene/a-
olefin) in the random copolymer rubber is in the range
of 40/60 to 90/10; |

(i) a content of 7-methyl-1,6-octadiene in the random
copolymer rubber is in the range of 0.4 to 25 % by mol;
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(iii) an intrinsic viscosity [7n] of the random copoly-
mer rubber, as measured in decahydronaphthalene at
- 135° C,, is from 0.1 dl/g to 8 dl/g;

(1v) an intensity ratio D of TafB to Taa(TaB/Taa) in
a 13C-NMR spectrum of the random copolymer rubber
is not more than 0.5;

(v) a B value determined by a 13C-NMR spectrum of
the random copolymer rubber and the above-mentioned
formula is in the range of 1.00 to 1.50; and

(vi) a glass transition temperature Tg of the random
copolymer rubber measured by DSC is not higher than
-53° C. |

A zirconium compound is preferably used as the
above-mentioned Group IVB ftransition metal com-
pound (a).

In the invention, particularly preferred as the above-
mentioned random copolymer rubber is an ethylene/a-
olefin/7-methyl-1,6-octadiene copolymer rubber ob-
tained by using a catalyst comprising a zirconium com-
pound containing a ligand having cyclopentadienyl
skeleton, the organoaluminum oxycompound (b) and an
organoaluminum compound (c).

In the rubber composition of the invention, 1t 1s desir-
able that the content of the random copolymer rubber 1s
in the range of 5 to 95 parts by weight and the content
of the conjugated diene rubber is in the range of § to 95
parts by weight, with the proviso that the total amount
of the above-mentioned both rubbers is 100 parts by
weight.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is one example of a flow chart illustrating
steps for preparing a catalyst for olefin polymerization
employable for the preparation of a random copolymer
rubber of ethylene, a-olefin and 7-methyl-1,6-octadiene
in the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The ethylene/a-olefin/7-methyl-1,6-octadiene co-
polymer rubber and the composition thereof according
to the present invention are described in detail hereinaf-
ter.

At first, the ethylene/a-olefin/7-methyl-1,6-octadi-
ene copolymer rubber of the invention i1s described
below.

The ethylene/a-olefin/7-methyl-1,6-octadiene co-
polymer rubber of the invention is a random copolymer
rubber of ethylene, a-olefin and 7-methyl-1,6-octadiene.

The a-olefin employable in the invention has 3 to 20
carbon atoms. Concrete examples of the a-olefin 1in-
~ clude propylene, 1 butene, 1-pentene, 1-hexene, 3-meth-
yl-1-butene, 3-methyl-1-pentene, 3-ethyl-1-pentene, 4-
methyl-1-pentene, 4-methyl-1-hexene, 4,4-dimethyl-1-
hexene, 4,4-dimethyl-1-pentene, 4-ethyl-1-hexene, 3-
ethyl-1-hexene, 1-octene, 1-decene, 1-dodecene, 1-tetra-
decene, 1-hexadecene, l-octadecene and 1l-eicosene.
These a-olefins are used singly or in combination.

In the invention, preferably used is a-olefin of 3 to 6
carbon atoms, and particularly preferably used is a-ole-
fin of 3 carbon atoms, namely, propylene.

The present inventors have earnestly studied to pur-
“sue a rubber composition capable of providing a vulca-
nized rubber which is excellent in low-temperature
flexibility, weathering resistance and heat resistance
without being deteriorated in high mechanical charac-
teristics and oil resistance inherently belonging to a
conjugated diene type rubber. As a result, they have

S5

10

15

20

235

30

35

435

50

35

65

6

found that a rubber comprising an ethylene/-
propylene/7-methyl-l,6-octadiene copolymer rubber
having the specific structure and properties is capable of
providing a vulcanized rubber showing almost the same
vulcanization speed as that of the conjugated diene
rubber such as NR or SBR and having the above-men-
tioned excellent properties. Further, the present inven-
tors have also found that an ethylene/a-olefin/7-meth-
yl-1,6-octadiene copolymer rubber of ethylene, a-olefin
other than propylene and MOD also has the above-
mentioned characteristics.

The ethylene/a-olefin/7-methyl-1,6-octadiene co-
polymer rubber according to the invention can be ob-
tained by copolymerizing ethylene, a-olefin and MOD
in the presence of a Group IVB transition metal cata-
lyst, and preferably in the presence of a specific zirco-
nium catalyst. A process for preparing this random
copolymer rubber will be described later.

As described above, copolymerization of ethylene,
a-olefin (e.g., propylene) and MOD in the presence of a
vanadium catalyst or a titanium catalyst which has been
conventionally used for preparing EPDM has been
tried, but is impossible to industrially copolymerize
these components because activities of the catalysts are
markedly deteriorated. Therefore, the present inventors
have earnestly studied catalysts, and found that the
catalyst comprising a specific zirconium catalyst com-
ponent shows high polymerization activities.

The random copolymer rubber of the invention has
the following composition and physical properties.

(i) This random copolymer rubber has a molar ratio
of ethylene to a-olefin (ethylene/a-olefin) ranging from
40/60 to 90/10, preferably from 55/45 to 85/15. When
the random copolymer rubber is blended with a diene
rubber, the molar ratio is particularly preferably in the
range of 65/35 to 80/20. By blending the random co-
polymer rubber having the molar ratio in the above
range with the conjugated diene rubber, there can be
obtained a rubber composition having high mechanical
strength and low-temperature flextbility even at a low
temperature.

5 (1) The random copolymer rubber has a content of
7-methyl-1,6-octadiene (MOD), which is non-conju-
gated diene, ranging from 0.4 to 25% by mol, preferably
from 0.5 to 7% by mol. When the random copolymer
rubber is biended with a diene rubber, the content of
MOD is particularly preferably in the range of 1 to 4%
by mol. For example, an ethylene/propylene/7-methyl-
1,6-octadiene copolymer rubber having a MOD content
within the above range is excellent in covulcanizability
with a conjugated diene rubber, and using this copoly-
mer rubber, there can be obtained a rubber composition
having high thermal aging resistance inherently belong-
ing to the ethylene/propylene/7-methyl-1,6-octadiene.

In the case where EPDM containing the MOD unit
as a diene component (sometimes abbreviated to
“MOD-EPDM?” hereinafter) is compared with EPDM
containing S-ethylidene-2-norbornene unit (sometimes
abbreviated to “ENB” hereinafter) as a diene compo-
nent (sometimes abbreviated to “ENB-EPDM” herein-
after) on the basis of the same diene content, the vulca-
nization speed of MOD-EPDM is higher than that of
ENB-EPDM by not less than 2 times.

In order to improve the vulcanization speed of the
ENB-EPDM prepared using a Group VB transition
metal catalyst comprising a vanadium catalyst compo-
nent, it can be thought to increase the diene content
therein. However, when the diene content exceeds 4%
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by mol, the ENB-EPDM cannot be improved in the
vulcanization speed. On the other hand, the vulcaniza-
tion speed of the MOD-EPDM prepared using a Group
IVB transition metal catalyst comprising a specific zir-
conium catalyst component can be made higher in pro-
portion to the diene content therein until the diene con-
tent becomes 7% by mol.

Further, the ENB-EPDM prepared using a Group
VB transition metal catalyst comprising a vanadium
catalyst component is detenorated in the low-tempera-
ture flexibility in proportion as the diene content is
increased in order to make the vulcanization speed of
the ENB-EPDM higher. On the other hand, the MOD-
EPDM prepared using a Group IvB transition metal
catalyst comprising a specific zirconium catalyst com-
ponent shows excellent low-temperature flexibility in-
dependent of the diene content.

(ui) The random copolymcr rubber has an intrinsic
viscosity [n)], as measured in decahydronaphthalene at
135° C,, is from 0.1 dl/g to 8 dl/g, preferably from 0.2
dl/g to 6 dl/g. When the random copolymer rubber is
blended with a diene rubber, this random copolymer
rubber particularly preferably has the intrinsic viscosity
[n] satisfying the condition of 0.3 dl/g<[n] <5 di/g.
The random copolymer rubber having the intrinsic
viscosity in the above range has good blending proper-
ties with a conjugated diene rubber, and by using this
copolymer rubber, there can be obtained a rubber com-
position capable of providing a vulcanized rubber main-
taining high mechanical strength of the conjugated
diene rubber and showing excellent heat resistance and
weathering resistance.

(iv) The random copolymer rubber has an intensity
ratio D of TafB to Taa (TaB/Taa) in its 13C-NMR
spectrum of not more than 0.5. A preferred intensity
ratio D vanes depending on the kind of a-olefin consti-
tuting the random copolymer rubber.

The intensity ratio D of the random copolymer rub-
ber of the invention s calculated based on the results
obtained by the 13C-NMR spectrum measurement in
accordance with the following method. |
~ That is, the 13C-NMR spectrum measurement is car-
ried out in a solution of a mixture of hexachlorobutadi-
ene and d¢-benzene (hexachlorobutadiene/d¢-ben-
zene=2/1 by volume) which has a polymer concentra-
tion of 5§ % by weight by means of a JEOL-
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GX270NMR measuring device (produced by Nippon

Denshi K.K.) under the conditions of 67.8 MHz, 25° C.
and 128 ppm of d¢-benzene.

The analysis of the NMR spectrum and peak assign-
ments are basically conducted in accordance with the
proposal of Lindemann Adams (Analysis Chemistry 43,
p 1245 (1971)), J.C. Randall (Review Macromolecular
Chemistry Physics, C29, 201 (1989)).

The intensity ratio D is now illustrated referring to an
ethylene/propylene/7-methyl-1,6-octadiene copolymer
rubber.

In the 13C-NMR spectrum of this copolymer rubber,

peaks appearing at 45 to 46 ppm and peaks appearing at
32 to 33 ppm are assigned to Taa and TapB, respec-

tively, and integral values of each peak portions are.

determined. From those integral values, the above-men-
tioned intensity ratio D 1s calculated.

The intensity ratio D thus obtained is generally
thought to be a measure of a proportion at which a 2,1
addition reaction of propylene takes place successively
after a 1,2 addition reaction thereof or a proportion at
which a 1,2 addition reaction of propylene takes place

55

65

successively after a 2,1 addition reaction thereof. Ac-
cordingly, as this intensity ratio D becomes larger, the
bonding direction of a monomer copolymerizable with
ethylene becomes more irregular. In contrast thereto, as
the intensity ratio D becomes smaller, the bonding di-
rection of a monomer copolymerizable with ethylene
becomes more regular. In the case where the bonding
direction is of high regularity, molecule chains are eas-
ily aggregated, resulting in & possibility of improving
physical properties of the polymer such as strength. In
the invention, accordingly, the intensity ratio D prefer-
ably is as small as possible.

In the invention, the intensity ratio D of Tag to Taa
(TaB/Taa) is not more than 0.5, preferably not more
than 0.1, more preferably not more than 0.035.

By copolymerizing ethylene, propylene and 7-meth-
yl-1,6-octadiene in the presence of a Group 1vB transi-
tion metal catalyst comprising a-Group IVB transition
metal catalyst component such as a specific zirconium
compound, an ethylene/propylene/7-methyl-1,6-
octadiene copolymer rubber having the intensity ratio
D of not more than 0.5 can be obtained. |

However, even if ethylene is copolymerized with
propylene and 7-methyl-1,6-octadiene in the presence of
a Group VB transition metal catalyst compnsing a va-
nadium catalyst component, any ethylene/propylene/7-
methyl-1,6-octadiene copolymer rubber having the in-
tensity ratio D of not more than 0.5 cannot be obtained.
This Group VB transition metal type catalyst does not
include a Group IVB transition metal catalyst compo-
nent containing a ligand having cyclopentadienyl skele-
ton.

The above-mentioned fact can be said also with re-

spect to other a-olefin than propylene.
- (v) The random copolymer rubber has a B value,
determined by a ::C-NMR spectrum of the copolymer
rubber and the following formula, ranging from 1.00 to
1.50, preferably from 1.02 to 1.50, more preferably from
1.02 to 1.45, particularly preferably from 1.02 to 1.40.

B=Pog/(2PpPo)

wherein Pr is a molar fraction of the ethylene units
derived from ethylene contained in the random copoly-
mer rubber; Po is a molar fraction of the a-olefin units
derived from a-olefin contained in the random copoly-
mer rubber; and Pogis a ratio of the number of a-olefin-
/ethylene chains to the number of all dyad chains in the
random copolymer rubber.

This B value is a measure of distribution state of each
monomer in the copolymer chain, and can be deter-
mined by measuring values of the above-defined Pg, Po
and Pogin accordance with the reports by J.C. Randall
(Macromolecules, 15,353 (1982)) and J. Ray (Macro-
molecules, 10,773 (1977)) and introducing thc obtained
values into the above formula.

As the B value becomes larger, the block chain of
ethylene or a-olefin becomes shorter, and this means
that the distribution of ethylene or a-olefin is uniform
and the composition distnbution of the resultant co-
polymer is narrow. In contrast thereto, as the B value

becomes smaller, the composition distribution of the

copolymer becomes wider. The copolymer having a
wide composition distribution is unfavorable, because
the copolymer does not exhibit sufficiently high physi-
cal properties such as strength after vulcanized, as com-
pared with the copolymer having a narrow composition
distribution.
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By copolymerizing ethylene with a-olefin and 7-
methyl-1,6-octadiene in the presence of a Group IVB
transition metal catalyst comprising a specific Group
IVB transition metal catalyst component, there can be
obtained an ethylene/a-olefin/7-methyl-1,6-octadiene
copolymer rubber having the B value of 1.00 to 1.50.

However, even if ethylene is copolymerized with
a-olefin and 7-methyl-1,6-octadiene in the presence of a
Group IVB transition metal catalyst comprising a tita-
nium catalyst component, any ethylene/a-olefin/7-
methyl-1,6-octadiene copolymer rubber having the B
value in the above range cannot be obtained. This
Group I'VB transition metal catalyst does not include a
Group IVB transition metal catalyst component con-
taining a ligand having cyclopentadienyl skeleton.

(vi) The random copolymer rubber has a glass transi-
tion temperature Tg measured by DSC of not higher
than —53° C. |

When the random copolymer rubber having a glass
transition temperature Tg of not higher than —53° C. 1s
used, there can be obtained a rubber composition capa-
ble of providing a vulcanized rubber having excellent
low-temperature flexibility.

The above-mentioned random copolymer rubber can
be prepared by copolymerizing ethylene with a-olefin
and MOD in the presence of a Group IVB transition
metal catalyst comprising a Group IVB transition metal
catalyst component such as specific zirconium com-
pound or titanium compound, as described above.

Preferred examples of the Group IVB transition
metal catalyst include a Group IVB transition metal
catalyst comprising a zirconium compound containing a
ligand having cyclopentadieny! skeleton and an organo-
aluminum oxycompound (b), and a Group IVB transi-

tion metal catalyst comprising a zirconium compound

containing a ligand having cyclopentadienyl skeleton,
an organoaluminum oxycompound (b) and an organo-
aluminum compound (c). In the invention, the latter
Group IVB transition metal catalyst is particularly pref-
erably employed.

The Group IVB transition metal catalyst containing a
ligand having cyclopentadienyl skeleton (a) 1s a com-
pound concretely represented by the formula

ML [1)
wherein M is a transition metal, preferably zirconium, L
is a ligand coordinating to the transition metal, at least
one of L is a ligand having a cyclopentadienyl skeleton,
L. other than the ligand having a cyclopentadienyl skel-
eton is a hydrocarbon group of 1-12 carbon atoms, an
alkoxy group, an aryloxy group, trialkylsilyl group,
SO3R (wherein R is a hydrocarbon group of 1 to 8
carbon atoms which may have a substituent such as
halogen), halogen atom or hydrogen atom, and x is a
valence of the transition metal.

The ligands having a cyclopentadienyl skeleton in-
clude, for example, cyclopentadienyl, alkyl-substituted
cyclopentadienyl groups such as methylcyclopentadie-
nyl, dimethylcyclopentadieny], trimethylcyclopenta-
dienyl, tetramethylcyclopentadienyl, pentamethylcy-
clopentadienyl, ethylcyclopentadienyl, methylethyicy-
clopentadienyl, propylcyclopentadienyl, methylpropyl-
cyclopentadienyl, butylcyclopentadienyl, methylbutyl-
cyclopentadienyl, and hexylcyclopentadienyl, and an
indenyl group, 4,5,6,7-tetrahydroindenyl group and a
fluorenyl group. These groups may be substituted by a
halogen atom or trialkylsilyl group.
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Of these ligands coordinating to the transition metal,
the alkyl-substituted cyclopentadienyl groups are most
preferred.

When the zirconium compound represented by the
above formula {I] contains two or more ligands having
a cyclopentadienyl] skeleton, two ligands having a cy-
clopentadienyl skeleton may be bonded together via an
alkylene group such as ethylene and propylene, a substi-
tuted alkylene group such as isopropylidene and di-
phenylmethylene, a silylene group or a substituted sily-
lene group such as dimethylsilylene, diphenylsilylene
and methylphenylsilylene. |

Following ligands may be exemplified as the ligand

.other than those having a cyclopentadienyl skeleton.

The hydrocarbon group having 1-12 carbon atoms
includes, for example, alkyl, cycloalkyl, aryl and aral-
kyl;

the alkyl group includes methyl, ethyl, propyl, iso-
propyl butyl, and pentyl;

the cycloalkyl group includes, for example, cyclopen-
tyl and cyclohexyl;

the aryl group includes, for example, phenyl and
tolyl; and

the aralkyl group includes, for example, benzyl and
neophyl.

The alkoxy group includes, for example, methoxy,
ethoxy and butoxy;

the aryloxy group includes, for example, phenoxy;
and

the halogen includes, for example, fluorine, chlorne,
bromine and iodine.

The ligand represented by SO3R includes, for exam-
ple, p-toluenesulfonate, methanesulfonate and trifluoro-
methanesulfonate.

When the transition metal is zirconium having a va-
lence of 4, the zirconium compound (a) containing li-
gands having a cyclopentadienyl skeleton may be repre-
sented more concretely by the formula

R;R2R3,,R4 .M [1I]
wherein M is zirconium, R1lis a group (ligand) having a
cyclopentadienyl skeleton, R2, R3 and R# are each a
group having a cyclopentadienyl skeleton, an alkyl
group, cycloalkyl group, aryl group, aralkyl group,
alkoxy group, aryloxy group, trialkylsilyl group, SO3;R
group, halogen atom or hydrogen atom, k is an integer
of at least 1, and k+1+m+n =4.

In the transition metal compounds of the above-men-
tioned formula R1;R2R3,,R4,M, at least two of R2, R3
and R4 preferably have a cyclopentadienyl skeleton, for
example, R2and R3are each a group having a cyclopen-
tadienyl skeleton. These groups having a cyclopentadie-
nyl skeleton may be bonded to each other via an alkyl-
ene group such as ethylene and propylene, a substituted
alkylene group such as isopropylidene, diphenylmethy-
lene, a silylene group or a substituted silylene group
such as dimethylsilylene, diphenylsilylene and methyl-
phenylsilylene. Also, R? and R4 may be each a group
having a cyclopentadienyl skeleton, an alkyl group,
cycloalkyl group, aryl group, aralkyl group, alkoxy
group, aryloxy group, trialkylsilyl group, SO3R, halo-
gen atom or hydrogen atom. Listed below are typical
representatives of the zirconium metal compounds.
Bis(indenyl)zirconium dichloride,
Bis(indenyl)zirconium dibromide,
Bis(indenyl)zirconium bis(p-toluenesulfonate),
Bis(4,5,6,7-tetrahydroindenyl)zirconium dichlonde,
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Bis(fluorenyl)zirconium dichloride,
Ethylenebis(indenyl)zirconium dichlonde,
Ethylenebis(indenyl)zirconium dibromide,
Ethylenebis(indenyl)dimethyl zirconium,
Ethylenebis(indenyl)diphenyl zirconium,
Ethylenebis(indenyl)methyl zirconium monochlonde,
Ethylenebis(indenyl)zirconium bis(methanesulfonate),
Ethylenebis(indenyl)zirconium bis(p-toluenesulfonate),
Ethylenebis(indenyl)zirconium
bis(trifluoromethanesulfonate),
Ethylenebis(4,5,6,7 tctrahydromdenyl)zucomum
chlonde,
Isopropylidene(cyclopentadienyl-fluorenyl)zirconium
dichloride,
Isopropylidene(cyclopentadienyl-methylcyclopenta-
dienyl) zirconium dichlonde,
Dimethylsilylenebis(cyclopentadienyl)zirconium
chlonde,
Dimethylsilylenebis(methylcyclopentadienyl)zir-
conium dichloride,
Dimethylenebis(dimethylcyclopentadienyl)zirconium
dichlonde, ‘
Dimethylsilylenebis(trimethylcyclopentadienyl)zir-
- comium dichloride,
Dimethylsilylenebis(indenyl)zirconium dichloride,
Dimethylsilylenebis(indenyl)zirconium bis(trifluorome-
thanesulfonate),
Dlmethylsﬂylencbls(4 5,6,7- tctrahydromdcnyl)nr-
conium dichlonde,
Duncthylsﬂy]cne(cyclo;:entadlcnyl-ﬂuorenyl)zlr-
contum dichloride,
Diphenylsilylenebis(indenyl)zirconium dichlonde,
Methylphenylsilylenebis(indenyl)zirconium dichloride,
Bis(cyclopentadienyl)zirconium dichlonde,
Bis(cyclopentadienyl)zirconium dibromide,
Bis(cyclopentadienyl)methyl zirconium monochloride,
 Bis(cyclopentadienyl)ethyl zirconium monochloride,
Bis(cyclopentadienyl)cyclohexyl zirconium monochlo-
ride,
Bis(cyclopentadienyl)pheny! zirconium monochlonde,
Bis(cyclopentadienyl)benzyl zirconium monochloride,
Bis(cyclopentadienyl)zirconium monochloride
monohydride,
Bis(cyclopentadienyl)methyl zirconium monohydnde
Bis(cyclopentadienyl)dimethyl zirconium,
Bis(cyclopentadienyl)dipheny! zircomum,
Bis(cyclopentadienyl)dibenzyl zirconium,
Bis(cyclopentadienyl)zirconium methoxy chlornde,
Bis(cyclopentadienyl)zirconium ethoxy chloride,
Bis(cyclopentadienyl)zirconium bis(methanesulfonate),
Bis(cyclopentadienyl)zirconium bis (p-toluenesolfu-
nate),
Bis(cyclopentadienyl)zirconium
bis(trifluoromethanesulfonate),
Bis(methylcyclopentadienyl)zirconium dichloride,
Bis(dimethylcyclopentadienyl)zirconium dichloride,
Bis(dimethylcyclopentadienyl)zirconium ethoxy chlo-
nde,
Bis(dimethylcyclopentadienyl)zirconium
bis(trifluoromethanesulfonate),
Bis(ethylcyclopentadienyl)zirconium dichloride,
Bis(methylethylcyclopentadienyl)zirconium dichlonde,
Bis(propylcyclopentadienyl)zirconium dichlonde,
Bis(methylpropylcyclopentadienyl)zirconium dichlo-
nde,
Bis(butyicyclopentadienyl)zirconium dichlonde,
Bis(methylbutylcyclopentadienyl)zirconium dichlonde,

di-

di-
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Bls(methylbutylcyclo;:entad:cnyl)zucomum
thanesulfonate),

Bis(trimethylcyclopentadienyl)zirconium dichloride

Bis(tetramethylcyclopentadienyl)zirconium dichlonde,

Bis(pentamethylcyclopentadienyl)zirconium  dichlo-
ride,

Bis(hexylcyclopentadienyl)zirconium dichloride,

Bis(trimethylsilylcyclopentadienyl)zirconium  dichlo-
ride

In the above-mentioned zirconium compound, the
di-substituted cyclopentadienyl groups include 1,2- and
1,3-substituted groups, and the tri-substituted cyclopen-
tadienyl groups include 1,2,3- and 1,2,4- substituted
groups. Also the alkyl groups such as propyl and butyl
include n-, i-, sec- and tert- isomers.

These compounds may be used alone or in combina-
tion of two or more.

Further, those compounds may be used after being
diluted in hydrocarbon or halogenated hydrocarbon.

Such zirconium compound as mentioned above can
be supported on a carrier by bringing it into contact
with a particulate carnier compound.

Examples of the carrier compounds employable in
the invention include inorganic carrier compounds such
as Si0,, Al.Os, B203, MgO, Zr0O,, Ca0O, TiO2, Zn0,
SnO,, BaO and ThO; and resins such as polyethylene,
polypropylene, poly-1-butene, poly-4-methyl-1-pentene
and a styrene/divinylbenzene copolymer.

These carrier compounds may be used in combina-
tion of two or more kinds.

Among the above-mentioned compounds, preferably
used are SiOj, Al203 and MgO. |

The organoaluminum oxycompound (b) used in the
invention may be aluminoxane hitherto known or such
benzene-insoluble organoaluminum oxy compounds
disclosed in Japanese Patent Laid-open Publication
2(1990)-78687.

The aluminoxane may be prepared, for example, by
the following methods.

(1) A method wherein suspensions of compounds
containing adsorbed water or salts containing water of
crystallization, for example, magnesium chloride hy-
drate, copper sulfate hydrate, aluminum sulfate hydrate,
nickel sulfate hydrate and cerium (I) chloride hydrate,
in hydrocarbon solvents are allowed to react with an
organoaluminum compound such as trialkylaluminum,
and the desired aluminoxane is recovered as a hydrocar-
bon solution containing the same.

(2) A method wherein an organoaluminum com-
pound such as trialkylaluminum is treated directly with
water, ice or water vapor in such solvent as benzene,
toluene, ethyl ether or tetrahydrofuran, and the desired
aluminoxane is recovered as a hydrocarbon solution
containing the same.

(3) A method wherein an organoaluminum com-
pound such as trialkylaluminum is allowed to react with
an organotin oxide such as dimethyltin oxide and dibu-
tyltin oxide in a solvent such as decane, benzene or

bis(me-

toluene.

Of these, preffered is the method of (1). The alumi-

‘noxane as illustrated above may contain small amounts

of organometallic components other. than aluminum.
From the above-mentioned solution containing alumi-
noxane as recovered, the solvent or unaltered organo-
aluminum compound is removed by distillation, and the
remaining aluminoxane may dissolved again 1n a sol-
vent.
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The organoaluminum compound used in preparing
the aluminoxane includes specifically trialkylaluminum

such as trnimethylaluminum, triethylaluminum, tri-
propylaluminum, triisopropylaluminum, tri-n-
butylaluminum, triisobutylaluminum, tri-sec-
butylaluminum, tri-tert-butylaluminum, tripen-
tylaluminum, trihexylaluminum, trioctylaluminum,
tridecylaluminum,

tricycloalkylaluminum such as  tricyclohex-
ylaluminum or tricyclooctylaluminum; |

dialkylaluminum halide such as dimethylaluminum
chloride, diethylaluminum chloride, diethylaluminum
bromide or diisobutylaluminum chloride;

dialkylaluminum hydride such as diethylaluminum
hydride or diisobutylaluminum hydride;

dialkylaluminum alkoxide such as dimethylaluminum
methoxide or diethylaluminum ethoxide; and

dialkylaluminum arylomde such as diethylaluminum
phenoxide.

Furthermore, the isoprenylaluminum represented by
the general formula may also be used.

(i-C4Ho)xAly(CsH10)z [TIT]

wherein x, y and z are each a positive number, and
z= 2X.

Of these, trialkylaluminum and tricyloalkylaluminum
are particularly preferred.

Solvents used in preparing the aluminoxane include
aromatic hydrocarbons such as benzene, toluene, xy-
lene, cumene and cymene; aliphatic hydrocarbons such
as pentane, hexane, heptane, octane, decane, dodecane,
hexadecane and octadecane; alicyclic hydrocarbons
such as cyclopentane, cyclohexane, cyclooctane and
methylcyclopentane; petroleum fractions such as gaso-
line, kerosene and gas oil; or haloganated hydrocarbons
such as halides, particularly chloride and bromides, of
the above-mentioned aromatic, aliphatic and alicyclic
hydrocarbons. In addition thereto, there may also be
used ethers other than ethyl ether and tetrahydrofuran.
Of these solvents as exemplified above, particularly
preferred are aromatic hydrocarbons. |

Next, the organometallic compound catalyst compo-
nent (c) containing a metal selected from metals 1n
Group I to Group III of a periodic table which 1s used
for preparing the a-olefin/polyene copolymer-contain-
ing polymer [I] will be described.

The organoaluminum compound (c) used in the pres-
ent invention includes, for example, the organoalumi-
num compound represented by the formula:

R9pAIX3.p {IV]
wherein R2is hydrocarbon of 1-12 carbon atoms, X is
halogen or hydrogen, and n iS 1-3.

In the above-mentioned formula , R4 1s hydrocarbon
group of 1-12 carbon atoms, such as, alkyl, cycloalkyl
or aryl, including concretely methyl, ethyl, n-propyli,
isopropyl, isobutyl, pentyl, hexyl, octyl, cyclopentyl,
cyclohexyl, phenyl, tolyl, etc.

The organoaluminum compounds include, in particu-
lar, such compounds as mentioned below.

Trialkylaluminum such as trimethylaluminum, trieth-

 ylaluminum, triisopropylaluminum, triisobutylalumi-

num, trioctylaluminum, tri-2-ethylhexylaluminum, etc;
alkenylaluminum such as isoprenylaluminum, etc;
dialkylaluminum halides such as dimethylaluminum

chloride, diethylaluminum chloride, diiso-
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propylalﬁminum chloride, diisobutylaluminum chlo-
ride, dimethylaluminum bromide, etc;

alkylaluminum  sesquihalides such as me-
thylaluminum sesquichloride, ethylaluminum sesqui-
chlonde, isopropylaluminum sesquichlonde,

butylaluminum sesquichloride, ethylaluminum sesqui-
bromide, etc;

alkylaluminum dihalides such as methylaluminum
dichlornide, ethylaluminum dichloride, 1SO-
propylaluminum dichloride, ethylaluminum dibromide,
etc, and

alkylaluminum hydride such as diethylaluminum hy-
dride and diisobutylaluminum hydride.

As the organoaluminum compounds (c), there may
also be used a compound represented by the following
formula:

ReyAlY3.p (V]
wherein R4 is as defined above, Y is —ORY, —OSiR¢3,
—OQAIRd;, —NR¢,, —SiRf;, or —N(R8)AIRA,, n is
1—2 and R?%, R¢, R9 and R” are each methyl, ethyl,
isopr()pyl, isobutyl, cyclohexyl, phenyl, etc;

Re is hydrogen, methyl, ethyl, isopropyl, phenyl,
trimethylsilyl, etc; and Rf and Rg are each methyl,
ethyl, etc.

The organoaluminum compounds (c) include, in par-
ticular, such compounds as mentioned below.

(i) Compounds of the formula R9,AI(ORY)3_, such as
dimethylaluminum methoxide, diethylaluminum ethox-

“ide, diisobutylaluminum methoxide, etc;

(ii) Compounds of the formula R4, Al(OSiR¢3)3., such
as Et7A1(OSiMes), (iso-Bu);Al(OSiMe3). (1so-Bu)rAl-
(OSiEt3),etc;

(iii) Compounds of the formula R4,Al(OAIR%)3.,
such as EtoAlO0AlELt,, (iso-Bu);AlIOAl(1so-Bu)), etc;

(iv) Compounds of the formula R3,Al (NR¢2)3., such
as MerAINEt), Eto)AINHMe, MesAINHEt;, Et)AIN-
(Me3Si)2, (iso-Bu)2AIN(MesSi),, etc;

(v) Compounds of the formula RﬂnAl(Slng,)g - such
as (iso-Bu);AlSiMej, etc; and

(vi) Compounds of the formula R2,AI[N(R#)-
AlR”513., such as Et2AIN(Me)-AlEt,, (1so-Bu)>AIN(Et-
YAl(iso-Bu)3, etc.

Of the organoaluminum compounds (c) as exempli-
fied above, preferred are those of the formula R%3Al,
R2,A1(ORH)3-n or R, AI(OAIRY)3., especially an or-
ganoalummum compound whe:rem R9 1s isoalkyl and
n=2 is preferred.

These organoaluminum compounds may be used
alone or in combination of two or more.

The Group IVB transition metal catalyst containing

specific Group IVB transition metal catalyst compo-

nents used in the invention compriscs

(a) the Group IVB transition metal compound con-
taining the ligands having a cyCIOpentadlenyl skeleton
described above such as a specific zirconium com-

pound,

(b) the organoaluminum oxycompound and, if neces-
sary,

(c) the organoaluminum compound.

‘In the invention, the zirconium compound contained
in the Group I'VB transition metal compound (a) 1s used
in an amount of usually about 0.00005-0.1 mm mol,
preferably about 0.0001-0.05 mm mol in terms of zirco-
nium atoms per 11 of polymerization volumes.

Further, the organoaluminum oxy compound (b) is
used in an amount of usually about 1-10,000 mol, prefer-
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ably about 10-5,000 mol of aluminum atoms pcr 11of
zirconium atoms.

The organocaluminum compound (c) is used in an
amount of usually about 0-200 mol, preferably about
0-100 mol per 11 of aluminum atoms of the organoalu-
minum oxycompound (b).

In the copolymerization of ethylene, a-olefin and
T-methyl-1,6-octadiene, the above-mentioned Group
IVB transition meta! compound (a), organoaluminum
oxycompound (b) and organoaluminum compound (c),
constituting the Group IVB transition metal type cata-

lyst, may be independently fed to a polymerization

reactor. Otherwise, prior to the copolymerization, the
Group IvB transition metal catalyst comprising the
Group IVB transition metal catalyst component may be
prepared and fed the catalyst to the polymerization
reactor.

FIG. 1 illustrates steps for preparing the Group IVB
transition metal catalyst comprising a zirconium cata-
lyst component employable for the preparation of the
random copolymer rubber of the invention.

Specific examples of inert hydrocarbon media used
for preparing the Group IvB transition metal catalyst
comprising a Group IVB transition metal catalyst com-
ponent such as a zirconium compound include aliphatic
hydrocarbons such as propane, butane, pentane, hexane,
heptane, octane, decane, dodecane and kerosine; alicyc-
lic hydrocarbons such as cyclopentane, cyclohexane
and methylcyclopentane; aromatic hydrocarbons such
as benzene, toluene and xylene; halogenated hydrocar-
bons such as ethylene chloride and chlorobenzene; and
mixtures of these hydrocarbons.

The temperature of contacting the Group IVB transi-
tion metal compound (a) with the organoaluminum
oxycompound (b) and the organoaluminum compound
(c) is usually in the range of — 100 to 200° C., preferably
—70 to 100° C.

The copolymerization of ethylene, a-olefin and 7-
methyl-1,6-octadiene is carried out at a temperature of

usually —20 to 200° C., preferably O to 150° C., more 40

preferably 20 to 120° C., and at a pressure of usually an
atmospheric pressure to 100 kg/cm?, preferably an at-
mospheric pressure to 50 kg/cm?Z, more preferably an
atmospheric pressure to 30 kg/cm?.

The molecular weight of the random copolymer rub-
ber can be regulated by varying the polymenzation
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conditions such as a polymerization temperature or by

controlling the amount of hydrogen (molecular weight

regulator) used.

The polymerization may be carried out either batch-
wise, semi-continuously or continuously, but it is prefer-
ably carried out continuously. Further, the polymeriza-
tion may be carried out in two or more steps having
reaction conditions different from each other.

The copolymer resulting immediately after the poly-

55

merization is recovered from the polymer solution by a

method conventionally known, and then dried to obtain
a solid random copolymer rubber.

Next, the ethylene/a-olefin/7-methyl-1,6-octadiene
copolymer rubber composition of the invention is de-
scribed below.

The ethylene/a-olefin/7-methyl-1,6-octadiene co-
polymer rubber composition of the invention comprises
the random copolymer rubber and a conjugated diene
rubber.

The random copolymer rubber is the aforementioned
ethylene/a-olefin/7-methyl-1,6-octadiene  copolymer
rubber according to the invention.
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In the invention, the random copolymer rubber is
used in an amount of 5 to 95 parts by weight, preferably
10 to 60 parts by weight, based on 100 parts by weight
of the total amount of the random copolymer rubber
and the conjugated diene rubber.

The conjugated diene rubber is a homopolymer of a
conjugated diene compound or a copolymer of a COIIJI.I-
gated diene compound and another olefin. The conju-
gated diene rubber is broadly classified into mtural
rubber and synthetic rubber.

Specific examples of the conjugated diene com-

' pounds employable for the invention include butadiene,

isoprene and chloroprene. Examples of compounds
copolymerizable with those conjugated diene com-
pounds are vinyl compounds such as styrene and acry-
lonitrile.

Specific examples of the conjugated diene rubber
preferably used for the invention include natural rubber
(NR), isoprene rubber (IR), butadiene rubber (BR),
styrene-butadiene rubber (SBR), acrylonitrile-butadiene
rubber (NBR) and chioroprene rubber (CR).

Of these, isOprene type rubbers, namely, natural rub-
ber (NR) and isoprene rubber, are particularly prefera-
bly used because they have well balanced mechanical
properties.

In the invention, the conjuga_ted diene rubber 1s used
in an amount of 5 to 95 parts by weight, preferably 40 to
90 parts by weight, based on 100 parts by weight of the
total amount of the random copolymer rubber and the
conjugated diene rubber.

As described above, the ethylene/a-olefin/7-methyl-
1,6-octadiene copolymer rubber composition of the
invention comprises the random copolymer rubber,
namely, ethylene/a-olefin/7-methyl-1,6-octadiene co-
polymer rubber, and the conjugated diene rubber.

In addition to those components, the rubber composi-
tion of the invention may further contain rubber rein-
forcing agents such as carbon black (e.g., SRF, GPF,
FEF, HAF, ISAF, SAF, FT and MT) and finely-
ground silicic acid; and fillers such as soft calcium car-
bonate, ground whiting, talc and clay. The amount and
kind of the rubber reinforcing agent or the filler used
can be appropriately determined depending on the pur-
pose of the resultant rubber composition, but the
amount thereof is generally at most 300 parts by weight,
preferably at most 200 parts by weight, based on 100
parts by weight of the total amount of the random co-
polymer rubber and the conjugated diene rubber.

The rubber composition of the invention may be used
in the unvulcanized state, but when the rubber composi-
tion is used as a vuicanized rubber, characteristics of the
rubber composition are most conspicuously exhibited.
In detail, the random copolymer rubber contained in
the rubber composition of the invention acts to improve
a vulcanized rubber of the composition in characteris-
tics such as weathering resistance and ozone resistance,
while the conjugated diene rubber acts to improve a
vulcanized rubber of the composition in characteristics
such as mechanical strength. Hence, a vulcanized rub-
ber which is excellent in mechanical strength, weather-
ing resistance, ozone resistance and dynamic fatigue
resistance can be obtained from the rubber composition
of the invention.

In the case where a vulcanized rubber is prepared
from the rubber composition of the invention, additives
such as rubber reinforcing agents, fillers and softening
agents may be used. The kinds of those additives and
the amounts thereof are appropriately determined de-
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pending on the purpose of the resultant vulcanized
 rubber and the performance thereof based on the pur-
pose. Further, the kinds of compounds constituting a
vulcanization system, such as a vulcanizing agent, a
vulcanization accelerator and a vulcanization assisting
agent, the amounts thereof, and a process for preparing
a vulcanized rubber are also appropriately selected
depending on the purpose of the resultant vulcanized
rubber and the performance thereof based on the pur-
pose. *

As the softening agents, those generally used for
rubbers can be employed. Specific examples thereof
include petroleum softening agents such as process oil,
lubricating oil, paraffin, liquid paraffin, petroleum as-
phalt and Vaseline (Reg. TM); coal tar softening agents
such as coal tar and coal tar pitch; aliphatic oil softening
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agents such as castor oil, linseed oil, rapeseed o1l and

coconut oil; tall oil; factice; waxes such as beewax,
carnauba wax and lanolin; aliphatic acids and aliphatic
salts such as ricinolic acid, palmitic acid, barium stea-
- rate, calcium stearate and zinc laurate; and synthetic
polymer materials such as petroleum resin, atactic poly-
propylene and coumarone-indene resin. Of these, petro-
leum softening agents are preferably used, and among
therefrom, process oil is particularly preferably used.

The amount of the softening agent used is generally at
most 150 parts by weight, preferably at most 100 parts
~ by weight, based on 100 parts by weight of the total
amount of the random copolymer rubber and the conju-
gated diene rubber.

For preparing a vulcanized rubber from the rubber
composition of the invention, a sulfur compound de-
scribed below is used as a vulcanizing agent.

Specific examples of the sulfur compound used as the
vulcanizing agent include sulfur, sulfur chloride, sulfur
dichloride, morpholine disulfide, alkylphenol disulfide,
tetramethylthiuram disulfide and selenium dimethyldi-
thiocarbamate. Of these, sulfur is preferably used.

The sulfur compound is used in an amount of 0.1 to 5
parts by weight, preferably 0.5 to 3 parts by weight,
based on 100 parts by weight of the total amount of the
random copolymer rubber and the conjugated diene
rubber. | |

In the case of using the sulfur compound as the vulca-
nizing agent to prepare a vulcanized rubber from the
rubber composition of the invention, a vulcanization
accelerator is preferably used together with the sulfur
compound.

Specific examples of the vulcanization accelerator
include:

thiazole compounds such as N-cyclohexyl-2-benzo-
thiazolesulfenamide, N-oxydiethylene-2-benzo-
thiazolesulfenamide, N,N-diisopropyl-2-benzo-
thiazolesulfenamide, 2-mercaptobenzothiazole, 2-(2,4-
dinitrophenyl)mercaptobenzothiazole, 2-(2,6-diethyl-4-
morpholinothio)benzothiazole and dibenzothiazyldisul-
fide; |

guanidine compounds such as diphenylguanidine,
triphenylguanidine, diorthotolylguanidine, orthotolyl-
biguanide and diphenylguanidine naphthalate;

aldehyde-amine or aldehyde-ammonia compounds,
such as acetaldehyde-aniline reaction product, butylal-
dehydeaniline condensation product, hexamethylene-
tetramine and acetaldehyde-ammonia reaction product;

imidazoline type compounds such as 2-mercap-
toimidazoline;
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thiourea compounds such as thiocarbanilide, diethyl-
thiourea, dibutylthiourea, trimethylthiourea and dior-
thotolylthiourea;

thiuram compounds such as tetramethylthiuram
monosulfide, tetramethylthiuram disulfide, tetraethyl-
thiuram disulfide, tetrabutylthiuram disulfide and pen-
tamethylenethiuram tetrasulfide;

dithio acid salt compounds such as zinc dimethyldi-
thiocarbamate, zinc diethyldithiocarbamate, zinc di-n-
butyldithiocarbamate, zinc ethylphenyldithiocarba-
mate, zinc butylphenyldithiocarbamate, sodium dimeth-
yldithiocarbamate, selenium dimethyldithiocarbamate
and tellurium dimethyldithiocarbamate;

xanthate compounds such as zinc dibutyl xanthate,
and

other compounds such as zinc white.

The vulcanization accelerator is used in an amount of
0.1 to 20 parts by weight, preferably 0.2 to 10 parts by
weight, based on 100 parts by weight of the total
amount of the random copolymer rubber and the conju-
gated diene rubber. ,

The unvulcanized rubber composition is prepared by
the following process. That is, the random copolymer
rubber, the conjugated diene rubber and if necessary,
the softening agent are kneaded in a mixing device such
as a Banbury mixer at a temperature of 80 to 150° C. for
3 to 10 minutes, then to the kneadate is added the vulca-
nizing agent and if necessary the vulcanization accelera-
tor or the vulcanization assisting agent, and the resul-
tant mixture is milled using rolls such as open milling
rolls at a roll temperature of 40 to 60° C. for 5 to 30
minutes. Thereafter, the mixture is extruded to give a

‘rubber composition in the form of a ribbon or a sheet.

The rubber composition prepared as above is then
molded into the desired form using an extrusion mold-
ing machine, a calender roll or a press. Vulcanization of
the rubber composition is carried out either simulta-
neously with the above mentioned molding procedure
or thereafter. That is, the rubber composition or its
molded product is introduced into a vulcanizing vessel,
and is vulcanized therein by heating it at a temperature
of 120 to 270 ° C. for 1 to 30 minutes to obtain a vulca-
nized rubber. The vulcanization may be carrnied out
using a mold or not using a mold. When a mold 1s not
used, the molding procedure and the vulcanization pro-
cedure are generally carried out continuously.

EFFECT OF THE INVENTION

In the ethylene/a-olefin/7-methyl-1,6-octadiene co-
polymer rubber of the invention, a molar ratio of ethyl-
ene to a-olefin, a content of 7-methyl-1,6-octadiene, an
intrinsic viscosity [n], an intensity ratio D of Taf to
Taa in a 13C-NMR spectrum of the copolymer rubber,
a B value defined before and a glass transition tempera-
ture Tg are all within specific ranges, and hence this
copolymer rubber has high stereoregularity, narrow
composition distribution and excellent low-temperature
flexibility.

In addition, the ethylene/a-olefin/7-methyl-1,6-
octadiene copolymer rubber shows excellent covulcan-
izability with the conjugated diene rubber.

Further, this copolymer rubber 1s excellent in various
properties such as weathering resistance, ozone resis-
tance and thermal aging resistance.

Moreover, the above-mentioned copolymer rubber is
prepared by copolymerizing ethylene, a-olefin and 7-
methyl-1,6-octadiene with high activity in the presence
of a Group IVB transition metal catalyst comprising a
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Group IVB transition metal catalyst component con-
taining a ligand having cyclopentadienyl skeleton such
as zirconium compound.

Among from various Group IVB transition metal
catalysts comprising a Group I'VB transition metal cata-
lyst component containing a ligand having cyclopenta-
dienyl skeleton, when a Group IVB transition metal
type catalyst formed from a zirconium compound con-
taining a ligand having cyclopentadienyl skeleton and
an organocaluminum oxycompound, or a Group IVB
transition metal type catalyst formed from this zirco-
nium compound, an organcaluminum oxycompound

10

and an organoaluminum compound, is used in the copo-

lymerization, especially when the latter catalyst is used,
the resultant random copolymer rubber is remarkably
excellent in the covulcanizability with the conjugated
diene rubber. |

The ethylene/a-olefin/7-methyl-1,6-octadiene rub-
ber composition of the invention comprises the above-
mentioned random copolymer rubber and the conju-
gated diene rubber. Therefore, the rubber composition
maintains excellent mechanical characteristics and oil
resistance inherently belonging to the conjugated diene
rubber, and can provide a vulcanized rubber which is
excellent in low-temperature flexibility, abrasion resis-
tance, fatigue resistance, weathering resistance, ozone
resistance and thermal aging resistance.

Accordingly, the rubber composition of the invention
is very suitable for automotive parts such as air-contain-
ing tire side wall, white side wall, wiper blade and brake
piston cup. Particularly, a rubber composition obtained
by blending the above-mentioned random copolymer
rubber and NBR can provide a vulcanized rubber hav-
ing good balance between oil resistance, weathering
resistance and heat resistance, such good balance hav-
ing been not observed conventionally. Hence, the rub-
ber composition is very suitable for rubber hose, rubber
packing, sealing materials, etc.

The present invention is illustrated below with refer-
ence to examples, but it should be construed that the
invention is in no way limited to those examples.

Test methods for evaluating EPDM and a vulcanized
sheet in the following examples and comparative exam-
ples are as follows.

[1]Glass transition temperature

A glass transition temperature Tg of the ethylene/a-
olefin/7-methyl-1,6-octadiene copolymer rubber was
measured by means of a differential scanning calorime-
ter (DSC). The glass transition temperature is a measure
of low-temperature flexibility of the ethylene/a-
olefin/7-methyll,6-octadiene copolymer rubber.

Temperature cycle in the measurement of To by
means of DSC

A temperature of the sample was elevated from room
temperature (25 * C.)to 180 ° C. at a rate of 20 ° C./min
and was kept at 180° C. for 2 minutes. Then, the sample
was cooled to —80 * C. at a rate of -20 * C./min and was
kept at 80° C. for 2 minutes. Thereafter, the temperature
of the sample was again elevated at a rate of 20° C./min
to determine Tg of the sample.

[2] Degree of covulcanization

The degree of covulcanization was determined by the
following formula.

Degree of covulcanization [%]=T p(blend) <100 /
[TR(EPDM) X a +Tpa(NR) Xb]

In the above formula, Tg(blend) is a tensile strength
of an actual blend (i.e, rubber composition),
Tg(EPDM) is a tensile strength of an ethylene/-
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propylene/diene rubber (EPDM), Tp(NR) is a tensile
strength of a natural rubber, a is a weight fraction of the
ethylene/propylene/diene rubber (EPDM), b 1s a
weight fraction of the natural rubber (NR), and aand b
have a relation of a+-b=1.

[3] Tensile test

A vulcanized rubber sheet was punched to give a
dumbbell specimen of No. 3 type described in JIS K
6301 (1989), and the specimen was subjected to a tensile
test in accordance with a method defined in Clause 3 of
JIS K 6301 under the conditions of a temperature of 25°
C. and a tensile rate of 500 mm/min to measure a modu-
lus at 25% (M32s), a modulus at 50% (Msg), a modulus at
100% (Mioo), 2 modulus at 200% (M2oo), 2 modulus at
300% (M), a tensile strength at brak (Tp) and an
elongation at break (Ep).

[4] Hardness test

The hardness test was carried out in accordance with
JIS K 6301 (1989) to measure a spring hardness Hs (JIS
A hardness). -

[5] Flexural fatigue test

The flexural fatigue test was carried out 1n accor-
dance with ASTM D 813 using de Mattia machine
under the conditions of a rotation number of 300 rpm
and a measuring temperature of 40° C,, to measure a
speed of crack growth (mm/cycle). The speed of crack
growth was taken as a measure of dynamic fatigue resis-
tance (durability).

[6] Elongation fatigue test (Monsanto fatigue test)

A vulcanized rubber sheet was punched to give 20
pieces of dumbell specimens of No. 1 type described in
JIS K 6301 (1989), and each of the specimens was pro-
vided with a notch of 2 mm on the center thereof in the
longitudinal direction. Each of 20 pieces of the speci-
mens thus obtained was stretched at an elongation rate
of 40%, 80% and 120% at a measuring temperature of
40° C. and a rotation speed of 300 rpm, and an elonga-
tion fatigue property was measured to determine the
number of dumbbell breaking times. An average value
of the number of dumbbell breaking times was taken as
a measure of dynamic fatigue resistance (durability).

[7] Ozone resistance test |

The ozone resistance test was carried out in accofr-
dance with JIS K 6301 under the conditions of an ozone
concentration of 50 ppm, a measuring temperature of
40° C. and an elongation rate (static elongation) of 20%,
to measure a period of time required for crack occur-
rence. The crack occurrence time was taken as a mea-
sure of ozone resistance or weathering resistance. In this
test, the testing period 1s 10 days.

{8] Low-temperature flexibility

The low-temperature flexibility was evaluated by a
glass transition temperature Tg of the ethylene/a-
olefin/7-methyl-1,6-octadiene without blending with a
natural rubber (NR). The glass transition temperature
was measured by means of a differential scanning calo-
rimeter (DSC). Further, a glass transition temperature
of the natural rubber itself was also measured.

Temperature cycle in the measurement of Tg by
means of DSC

The temperature cycle in this test was the same as
that in the aforementioned test [1].

EXAMPLE 1

Copolymerization of ethylene, propylene and 7-
methyl-1,6-octadiene was continuously carried out
using a 15-liter stainless steel polymerizer (polymenza-
tion vessel) equipped with a stirring blade.



5,292,845

_ 21
- That is, to the polymerizer were continuously fed
from the top thereof hexane having been dehydrated
and purified at a feed rate of 2.0 1/hr, a hexane solution
of bis(l,3-dimethylcyclopentadienyl)zirconium dichlo-
ride (concentration: 0.05 mmol/1) at a feed rate of 0.2
1/hr, a hexane solution of triisobutylaluminum (concen-
tration: 17 mmol/1) at a feed rate of 0.3 1/hr, a hexane
‘slurry of methylaluminoxane (3 mg.atom/1 in terms of
aluminum atom) at a feed rate of 1 1/hr and a hexane
solution of 7-methyl-1,6-octadiene (concentration: 0.25
1/1) at a feed rate of 1.5 1/hr.

Further, to the polymerizer were continuously fed
from the top thereof ethylene at a feed rate of 180 1/hr
and propylene at a feed rate of 620 1/hr. This copoly-
merization reaction was carried out at 50° C.

Subsequently, to the resultant polymer solution
drawn out from the bottom of the polymerizer was
added a small amount of methanol to stop the copoly-
merization reaction, and the copolymer solution was
subjected to a steam stripping treatment to separate the
resultant copolymer from the solvent. The copolymer
was then dried at 100° C. for 24 hours under a reduced
pressure (100 mmHg).

Through the above operation, an ethylene/-

propylene/7methyl-1,6-octadiene copolymer was ob-
tained at a rate of 250 g/hr.

The copolymer thus obtained was a rubber, and had
a molar ratio of ethylene to propylene (ethylene/propy-
lene) of 70/30, a content of 7-methyl-1,6-octadiene of
1.9% by mol and an intrinsic viscosity {%], as measured
in decahydronaphthalene at 135° C., of 2.3 dl/g. Fur-
ther, the intensity ratio D of Taf to Taa in the 13C-
NMR spectrum of the copolymer was less than 0.01, the

B value was 1.12, and the glass transition temperature
was —61 ° C.

EXAMPLES 2-5

The procedure of Example 1 was repeated except for
carrying out the copolymerization reaction under the
polymerization conditions set forth in Table 1 instead of
the polymerization conditions of Example 1, to obtain
ethylene/propylene/7-methyl-1,6-octadiene copolymer
rubbers [sometimes referred to as “MOD-EPDM (2),
MOD-EPDM (3), MODEPDM (4) and MOD-EPDM
(5)”, respectively, hereinafter],

Properties of the obtained copolymer rubbers are set
forth in Table 1.

EXAMPLE 6

Copolymerization of ethylene, propylene and 7-
methyl-1,6-octadiene was continuously carried out
using a 4-liter polymerizer equipped with a stirring
blade.

That is, to the polymerizer were fed from the top
thereof a toluene solution of 7-methyl-1,6-octadiene
(concentration: 60 g/1) at a feed rate of 1.2 1/hr, a
toluene solution of bis(1,3-dimethylcyclopentadienyl)-
zirconium dichloride (concentration: 0.2 mol/]) as a
catalyst at a feed rate of 0.4 1/hr, a toluene solution of

methylaluminoxane (concentration: 26.5 mmol/1) at a 60

feed rate of 1.2 1/hr and toluene at a feed rate of 1.2
1/hr, while the resultant copolymer solution was con-
tinuously drawn out from the bottom of the polymer-
izer so that the amount of the copolymer solution in the
polymerizer was constantly 2 liters.

Further, to the polymerizer were fed ethylene at a
feed rate of 80 1/hr and propylene at a feed rate of 320
1/hr using a bubble tube.
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The copolymerization reaction was carried out with
keeping the temperature at 40 ° C. by circulating warm
water within a jacket equipped outside of the polymer-
izer.

Through the copolymerization reaction under the
above-mentioned conditions, a copolymer solution con-
taining an ethylene/propylene/7-methyl-1,6 octadiene
copolymer was obtained. |

Then, the copolymer solution thus obtained was
deashed with hydrochloric acid water, and toluene was
distilled off from the copolymer solution to give a co-
polymer. The copolymer was dried at 100 ° C. for 24
hours under a reduced pressure.

Thus, an ethylene/propylene/7-methyl-1,6-octadiene
copolymer was obtained at a rate of 95 g/hr.

The obtained copolymer [sometimes referred to as
“MOD-EPDM (6)” hereinafter] was a rubber, and had
a molar ratio of ethylene to propylene (ethylene/propy-
lene) of 65/35, a content of 7-methyl-1,6-octadiene of
3.4% by mol and an intrinsic viscosity [n], as measured
in decahydronaphthalene at 135° C,, of 0.3 dl/g. Fur-
ther, the intensity ratio D of Taf to Taa in the 13C-
NMR spectrum of the copolymer was less than 0.01,
and the B value was 1.14.

EXAMPLE 7
Preparation of hexane slurry of methylaluminoxane

A glass reactor equipped with a stirring blade was
charged with 1 liter of a toluene solution of me-
thylaluminoxane (1.5 g.atom/1 in terms of aluminum
atom) in an nitrogen atmosphere, and to the toluene
solution was dropwise added 1 liter of hexane having
been substituted with nitrogen at room temperature
over a period of 1 hour under stirring. The resultant
solid methylaluminoxane was filtered, then washed
with hexane (n-hexane: 609 by volume, methylcyclo-
pentane: 22 % by volume, 3-methylpentane: 18% by
volume), and dried under a reduced pressure. A part of
the resultant product was taken out for the use of analy-
sis, and the residue was suspended in hexane to prepare
a hexane slurry of methylaluminoxane.

The methylaluminoxane obtained in the above had a
specific surface area of 180 m?/g.

Preparation of copolymer

Copolymerization of ethylene, propylene and 7-
methyl-1,6-octadiene was carried out using a 2-liter
polymerizer (autoclave) equipped with a stirring blade.

That 1s, the polymerizer was charged from the top
thereof with 0.86 liter of hexane having been dehy-
drated and purified, 185 ml of propylene, 40 ml of 7-
methyl-1,6-octadiene, 0.18 ml of the above-obtained
hexane slurry of methylaluminoxane (1.1 mg atom/ml
in terms of aluminum atom) and 0.8 ml of a hexane
solution of tritsobutylaluminum (1 mmo}l/ml).

Subsequently, the temperature in the polymerizer
was elevated to 70° C., and then the polymerizer was
charged with ethylene so that the total pressure was 7
kg/cm?.

Thereafter, the polymerizer was charged with 0.44
ml of a hexane solution of bis(l,3-dimethylcyclopen-
tadienyl)zirconium dichloride (concentration: 0.0034
mmol/ml) using a pressure-equalizing tube, and then
polymerization was carried out for 1 hour while keep-
ing the temperature at 60 ° C. and the total pressure at
8 kg/cm?. After release of the pressure, the resultant
copolymer solution containing an ethylene/-
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propylene/7-methyl-1,6-octadiene  copolymer

taken out of the polymenzer and dried.

Thus, an ethylene/propylene/7-methyl-1,6-octadiene
copolymer was obtained, and the yield of the copoly-
mer was 72.8 g. | 5

The obtained copolymer [sometimes referred to as
“MOD-EPDM (7)” hereinafter] was a rubber, and had
a molar ratio of ethylene to propylene (ethylene/propy-
lene) of 78/22 (ethylene content: 78% by mol), a con-

was
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num sesquichloride [Al(C2Hs);.5Cl; s} (concentration 8
0 mmol/1) at a feed rate of 0.5 1/hr and hexane at a feed
rate of 0.5 1/hr, while the resultant copolymer solution
was continuously drawn out from the bottom of the
polymerizer so that the amount of the copolymer solu-
tion in the polymenzer was constantly 1 liter

Further, to the polymerizer were fed ethylene at a
feed rate of 120 1/hr, propylene at a feed rate of 180
1/hr and hydrogen at a feed rate of 15 1/hr using a

tent of 7-methyl-1,6-octadiene of 1.8 % by mol (iodine 10 bubble tube. |
value: 13) and an intrinsic viscosity [7n], as measured in The copolymerization reaction was carried out with
decahydronaphthalene at 135° C,, of 2.6 dl/g. Further,  keeping the temperature at 30 * C by circulating a re-
the intensity ratio D of TafB to Taa in the 13C-NMR  frigerant within a jacket equipped outside of the poly-
spectrum of the copolymer was Jess than 0.01, and the B merizer.
value was 1.07. 15 Through the copolymerization reaction under the
TABLE 1 (I)
| Hexane slurry of
Hexane solution of methylaluminooxane Hexane solution of  Hexane solution
Hexane zirconium compound [mg- triisobutylaluminum of MOD
{1/hr] [mmol/]] [1/hr] atom/1] [1/hr] [mmol/l}] [1/hr] [1/1] [1/hr]
Ex.1 20 0.05 0.2 3 1.0 17 0.3 0.25 1.5
Ex.2 20 0.05 0.2 2 1.0 17 0.3 0.43 1.5
Ex.3 25 0.02 0.2 2 0.5 17 0.3 0.47 1.5
Ex. 4 2.6 0.02 0.2 2 0.4 17 0.3 0.47 1.5
Ex. 5 25 0.05 0.2 2 0.5 17 0.3 0.43 1.5
(Note)

zirconium compound: bis(1,3-dimethylcyclopentadienyl)zirconium dichloride
MOD: 7-methyl-1,60ctadiene

TABLE 1 (II)

above-mentioned conditions, a copolymer solution con-

f , 30 taining an ethylene/propylene/5-ethylidene-2-norbor-
;p‘g;g‘n::g;t; ] c:;:ll‘:r;; nene copolymer was obtained.
Ethylene Propylene reaction rubber Then, thF copolymer §olutz?n thus obtained was
[1/hr] [1/hr] [*C.) [g/hr) deashed with hydrochloric acid water, and a large
Ex 1 180 620 50 25() amount of methanol was added to the copolymer solu-
Ex.2 280 520 60 280 35 tion to precipitate a copolymer Then, the copolymer
Ex.3 240 360 350 270 was dried at 100° C. for 24 hours under a reduced pres-
Ex. 4 230 570 50 240 sure
Ex. 5 140 560 50 140 X .
Thus, an ethylene/propylene/S-ethylidene-2-norbor-
nene copolymer was obtained at a rate of 64.8 g/hr
TABLE (I1I)
Ethylene/ Intrinsic Glass
propylene VISCOSIty transition
Kind of (molar Diene content [n] TaB/Taa temperature
EPDM ratio) [mol %] [dl/g] (= D) B value ['C.]
Ex. 1 MOD- 70/30 1.9 2.3 <0.01 1.12 —61
EPDM(1)
Ex. 2 MOD- 78/22 3.2 2.7 <0.01 1.11 —61
EPDM(2) |
Ex. 3 MOD- 78/22 3.4 2.9 <0.01 1.09 —61
EPDM(3)
Ex. 4 MOD- 78/22 3.5 3.3 <0.01 1.11 —61
EPDM(4)
Ex. 5 MOD- 70/30 3.0 2.9 <0.01 1.13 —61
EPDM(5)
Ex. 6 MOD- 65/35 3.4 0.3 <0.01 1.14 —
EPDM(6)
Ex. 7 MOD- 78/22 1.8 2.6 <0.01 1.07 —
EPDM(7)

COMPARATIVE EXAMPLE 1

Copolymerization of ethylene, propylene and 35- 60
ethylidene-2-norbornene (ENB) was continuously car-
ried out using a 2-liter polymerizer equipped with a
stirring blade.

That is, to the polymerizer were fed from the top
thereof a hexane solution of ENB (concentration 7.1
g/1) at a feed rate of 0.5 1/hr, a hexane solution of VO-
(OC3;H5)Cl; (concentration O 8 mmol/1) as a catalyst at
a feed rate of 0.5 1/hr, a hexane solution of ethylalumi-

65

The obtained copolymer [sometimes referred to as
“ENB-EPDM (1)” hereinafter]was a rubber, and had a
molar ratio of ethylene to propylene (ethylene/propy-
lene) of 68/32, a content of ENB of 1.8 % by mol and
an intrinsic viscosity [7n), as measured in decahydro-
naphthalene at 135° C., of 2.2 dl/g. Further, the inten-
sity ratio D of TaB to Taa in the 13C-NMR spectrum
of the copolymer was 1 4.
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COMPARATIVE EXAMPLES 2&3

The procedure of Comparative Example 1 was re-
peated except for carrying out the copolymerization
reaction under the polymerization conditions set forth 5
in Table 2 instead of the polymerization conditions of
Comparative Example 1, to obtain ethylene/-
propylene/5-ethylidene-2-norbornene copolymer rub-
bers [sometimes referred to as “ENB-EPDM (2) and
ENB-EPDM (3)”, respectively, hereinafter].

Properties of the obtained copolymer rubbers are set
forth in Table 2.

' COMPARATIVE EXAMPLE 4

Copolymerization of ethylene with propylene and
7-methyl-1,6-octadiene was continuously carried out

10
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Then, the copolymer solution thus obtained was
deashed with hydrochloric acid water, and a large
amount of methanol was added to the copolymer solu-
tion to precipitate a copolymer. Then, the copolymer
was dried at 100° C. for 24 hours under a reduced pres-
sure.

Thus, an ethylene/propylene/7-methyl-1,6-octadiene
copolymer was obtained at a rate of 47 g/hr.

The obtained copolymer [sometimes referred to as
“MODEPDM (8)” hereinafter] was a rubber, and had a
molar ratio of ethylene to propylene {(ethylene/propy-
lene) of 67/33, a content of 7-methyl-1,6-octadiene of
3.5 % by mol and an intrinsic viscosity [1], as measured
in decahydronaphthalene at 135° C., of 0.3 dl/g. Fur-
ther, the intensity ratio D of Taf to Taa in the 13C-
NMR spectrum of the copolymer was 1.43.

TABLE 2 (1)

Hexane solution of

Hexane solution of ethylaluminum Hexane solution of

Hexane V(OCHs)Cl, - sesquichloride ENB
[1/hr] {mmol/l]] [1/hr] {mmol/l] [1/hr] [g1] [1/hr]
Comp. 0.5 0.8 0.5 8.0 0.5 7.1 0.5
Ex. 1
Comp. 0.5 0.8 0.5 8.0 0.5 10.0 0.5
Ex. 2
Comp. 0.5 0.8 0.5 8.0 0.5 10.0 0.5
Ex. 3
using a 2-lite polymerizer equipped with a stirring 0 TABLE 2 (II)
blade. |
That is, to the polymerizer were fed from the top T:;‘fc;f?
thereof a hexane solution of 7-methyl-1,6-octadiene copolymer-  Yield of
(concentration: 36 g/1) at a feed rate of 0.5 1/hr, a Pro- ization  copolymer
hexane solution of VO(OC;H;5)Cl; (concentration: 8 Ethylene pylene Hydrogen  reaction rubber
mmol/1) as a catalyst at a feed rate of 0.5 1/hr, a hexane 3> [1/hr} _ [1/hr] [1/br] C¢.) [g/hr]
solution of ethylaluminum sesquichloride Comp. 120 180 15 30 64.8
[AI(C2Hs)1.5Cly 5] (concentration: 64 mmol/1) at a feed g;m] 45 155 s 10 56.3
rate of 0.5 1/hr and hexane at a feed rate of 0.5 1/hr, o zp' |
while the resultant polymer solution was continuously Comp. 145 155 5 30 52.2
drawn out from the bottom of the polymerizer so that 40 Ex.3
the amount of the polymer solution in the polymerizer
TABLE 2 (1I1)
Ethylene/ Intnnsic Glass
propylene viscosity transition
Kind of (molar Diene content [7] TaB/Taa  temperature
EPDM ratio) {mol %] [dl/g] (= D) [*C.]
Comp. ENB- 68/32 1.8 2.2 1.4 —3J1
Ex.1 EPDM(1)
Comp. ENB- 718/22 2.9 3.9 1.4 —49
Ex.2 EPDM(2)
Comp. ENB- 78/22 2.9 3.8 1.4 —49
Ex.3 EPDM(@3)
Comp. MOD- 67/33 3.5 0.3 1.43 -—
Ex. 4 EPDM(8)

was constantly 1 liter.

Further, to the polymerizer were fed ethylene at a
feed rate of 130 1/hr, propylene at a feed rate of 170
I/hr and hydrogen at a feed rate of 40 1/hr using a
bubble tube.

The copolymerization reaction was carried out with
keeping the temperature at 20 ° C by circulating a re-
frigerant within a jacket equipped outside of the poly-
merizer.

Through the copolymerization reaction under the
above-mentioned conditions, a copolymer solution con-
taining an ethylene/propylene/7-methyl-1,6-octadiene
copolymer was obtained.
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COMPARATIVE EXAMPLE 5

100 parts by weight of a natural rubber (NR) [RSS
No. 1], 5 parts by weight of zinc white, 1 part by weight
of stearic acid, 40 parts by weight of carbon black
[Asahi 60HG, available from Asahi Carbon K.K.]Jand
20 parts by weight of oil [Sunsen 4240, available from
Nippon Sun Oil K.K.] were kneaded with each other in
a 4.3-liter Banbury mixer [produced by Kobe Seikosho
K.K.]. Prior to the above kneading, the natural rubber
was roughly milled using 8-inch milling rolls (tempera-
ture of front roll and back roll: 65° C).
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To the kneadate obtained as above were added 1.5
parts by weight of sulfur and 1.0 part by weight of a
vulcanization accelerator [Nocseller CZ, available from
Ouchi Shinko Kagaku Kogyo K.K.). The resultant
mixture was milled by rolls and then rolled into a sheet.
The sheet was pressed under the condition of 150°
C. X too (minutes), this condition being determined based
on teo (minutes) at 150° C. using a 3-type curastometer
[produced by Japan Synthetic Rubber Co., Ltd.}, to
prepare a vulcanized sheet having a thickness of 2 mm.
The vulcanized sheet thus obtained was subjected to
physical property tests in accordance with the afore-
mentioned test methods.
The results are set forth in Table 3 and Table 4.

3
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The results are set forth in Table 3.

EXAMPLE 10

The procedure of Comparative Example 5 was re-
peated except for varying the amount of the natural
rubber to 70 parts by weight and further using 30 parts
by weight of MOD-EPDM (3) of Example 3.

The results are set forth in Table 3.

EXAMPLE 11

The procedure of Comparative Example 5 was re-
peated except for varying the amount of the natural
rubber to 70 parts by weight and further using 30 parts
by weight of MOD-EPDM (4) of Example 4.

15  The results are set forth in Table 3.
TABLE 3

Comp. Ex. 5 Comp. Ex.6 Comp.Ex.7 Ex.8 Ex. 9 Ex. 10 Ex. 11
Kind of EPDM — ENB-EPDM ENB-EPDM MOD-EPDM MOD-EPDM MOD-EPDM MOD-EPDM
NR/EPDM 100/0 70/30 70/30 70/30 70/30 70/30 70/30
(weight ratio) Comp. Ex.1 Comp.Ex.2 Ex. 1 Ex. 2 Ex. 3 Ex. 4
Physical properties of
vulcanized rubber
M1 [kg/cm?] 4 5 6 6 5 5 6
Mg [kg/cmq 6 8 % 9 § 8 8
Moo [kg/cm*] 10 14 16 16 14 15 15
Mago [kg/cm?) 27 33 37 38 35 36 37
Mia0 [kg/cm?] 57 58 65 70 64 66 70
TB (kg/cm’] 217 123 190 168 190 200 220
Ep (%) 640 530 600 580 590 590 580
Hs (JIS A) 40 49 51 51 30 50 51
Elongation fatigue test
Elongation rate 40% 76,770 64,570 135,330 132,120 242,440 266,240 315,172
[number of times]
Elongation rate 80% 20,000 12,000 26,260 25,160 33,610 316,971 43,693
[number of times)
Elongation rate 120% 7,420 2,150 6,190 6,201 9,320 10,252 12,116
[number of times]
Degree of — 64 84 91 94 96 97
covulcanization [%]
(Note)

END-EPDM is prepared using a Group VB transition metal catalyst containing a vanadium catalyst component.
MOD-EPDM is prepared using a Group IVB transition metal catalyst containing a zirconium catalyst component.

COMPARATIVE EXAMPLE 6

The procedure of Comparative Example 5 was re-
peated except for varying the amount of the natural
rubber to 70 parts by weight and further using 30 parts
by weight of ENB-EPDM (1) of Comparative Example
1.

The results are set forth in Table 3.

COMPARATIVE EXAMPLE 7

The procedure of Comparative Example 5 was re-
peated except for varying the amount of the natural
rubber to 70 parts by weight and further using 30 parts
by weight of ENB-EPDM (2) of Comparative Example
2.

The results are set forth in Table 3.

EXAMPLE 8

The procedure of Comparative Example 5 was re-
peated except for varying the amount of the natural
rubber to 70 parts by weight and further using 30 parts
by weight of MOD-EPDM (1) of Example 1.

The results are set forth in Table 3.

EXAMPLE 9

The procedure of Comparative Example 5 was re-
peated except for varying the amount of the natural
rubber to 70 parts by weight and further using 30 parts
by weight of MOD-EPDM (2) of Example 2.
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From the results set forth in Table 3, followings have
been confirmed.

The MOD-EPDM prepared using a Group IVB tran-
sition metal catalyst comprising a zirconium catalyst
component, which was used in Examples 8 to 11, 1s
much more improved in the degree of covulcanization
with NR and is excellent in the covulcanizability there-
with, as compared with the ENB-EPDM prepared
using a Group VB transition metal catalyst compnsing
a vanadium catalyst component, which was used in
Comparative Examples 6 and 7.

Further, the raw rubber (MOD-EPDM) in Examples
9 to 11 is more improved in the low-temperature flexi-
bility by about 10° C. than the raw rubber (ENB-
EPDM) in Comparative Examples 6 and 7.

In comparison of Examples 8 to 11 with Comparative
Examples 6 and 7, the ENB-EPDM is deteriorated in

the low-temperature flexibility when a diene content is

increased in order to make the vulcanization speed
higher, while the MOD-EPDM is hardly deteriorated
in the low-temperature flexibility even when a diene
content is increased. |

Since the EPDM used in Examples 8 to 11 is en-
hanced in the covulcanizability with NR, it is also en-
hanced in the dynamic fatigue resistance and has physi-
cal property values of higher level than the NR in Com-
parative Example 3.
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COMPARATIVE EXAMPLE 8

The procedure of Comparative Example 5 was re-
peated except for varying the amount of the natural
rubber to 80 parts by weight and further using 20 parts
by weight of ENB-EPDM (3) of Comparative Example
3.

"The results are set forth in Table 4.

COMPARATIVE EXAMPLE ¢

The procedure of Comparative Example 5 was re-
peated except for varying the amount of the natural
rubber to 75 parts by weight and further using 25 parts
by weight of ENB-EPDM (3) of Comparative Example
3

The results are set forth in Table 4.

COMPARATIVE EXAMPLE 10

The procedure of Comparative Example S was re-
peated except for varying the amount of the natural
rubber to 70 parts by weight and further using 30 parts
by weight of ENB-EPDM (3) of Comparative Example
3

The results are set forth in Table 4.
COMPARATIVE EXAMPLE 11

The procedure of Comparative Example 5 was re-
peated except for varying the amount of the natural
~ rubber to 65 parts by weight and further using 35 parts

by weight of ENB-EPDM (3) of Comparative Example
3.

The results are set forth in Table 4.

EXAMPLE 12

The procedure of Comparative Example 5 was re-
peated except for varying the amount of the natural
rubber to 80 parts by weight and further using 20 parts
by weight of MOD-EPDM (5) of Example 5.

The results are set forth in Table 4.

EXAMPLE 13

The procedure of Comparative Example 5 was re-
peated except for varying the amount of the natural
rubber to 75 parts by weight and further using 25 parts
by weight of MOD-EPDM (5) of Example 5.

The results are set forth in Table 4.

EXAMPLE 14

The procedure of Comparative Example 5 was re-
peated except for varying the amount of the natural
rubber to 70 parts by weight and further using 30 parts
by weight of MOD-EPDM (5) of Example 5.

The results are set forth 1n Table 4.

EXAMPLE 15

The procedure of Comparative Exampie 5 was re-
peated except for varying the amount of the natural
rubber to 65 parts by weight and further using 35 parts
by weight of MOD-EPDM (5) of Example 3.

The results are set forth in Table 4.

EXAMPLE 16

The procedure of Comparative Example 5 was re-
peated except for varying the amount of the natural
rubber to 80 parts by weight and further using 20 parts
by weight of MOD-EPDM (6) of Example 6.

The results are set forth in Table 4.
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COMPARATIVE EXAMPLE 12

The procedure of Comparative Example 5 was re-
peated except for varying the amount of the natural
rubber to 80 parts by weight and further using 20 parts
by weight of MOD-EPDM (8) of Comparative Exam-

ple 4.
The results are set forth in Table 4.
TABLE 4 (I)
Comp. Comp. Comp. Comp. Comp.
Ex.5 Ex 8 Ex.9 Ex.10 Ex. li
Kind of EPDM — ENB- ENB- ENB- ENB-
EPDM EPDM EPDM EPDM
Comp. Comp. Comp. Comp.
Ex.3 Ex.3 Ex3 Ex3
NR/EPDM 100/0 80720 75/25 70/30 65/35
(weight ratio) .
Physical
properties of
vulcanized rubber
M3>s [kg/cm?] 4 6 7 7 7
Msg [kg/cm?) 6 9 11 11 11
Moo [kg/cm?] 10 17 19 20 20
Moo [kg/cm?] 27 41 44 46 44
M3 [kg/cm?) 57 75 76 78 75
Tz [kg/cm?] 217 190 185 180 175
Ep [%] 640 590 600 590 590
Hgs (JIS A) 40 50 52 54 55
Flexural 4.1 3.8 2.9 2.2 2.0
fatigue test
crack growth
speed
[X 10—* mm/cycle]
Ozone 16 24 28 No No
resistance test crack crack

crack occurrence
time [hrs]

(Note)

ENB-EPDM of Comparative Example 3 and MOD-EPDM of Comparative Exatn-
ple 4 are prepared using a Group VB transition metal catalyst containing a vanadium
catalyst component.

MOD-EPDM of Examples 5 and 6 is prepared using a Group IVB transition metal
catalyst containing a zirconium catalyst component. |

TABLE 4 (1)
Comp.

Ex. 12 Ex. 13 Ex. 14 Ex. 15 Ex 16 Ex 12
Kind of MOD- MOD- MOD- MOD- MOD- MOD-
EPDM EPDM EPDM EPDM EPDM EPDM EPDM

Ex.5 Ex. 5 Ex5 Ex.§5 Ex. 6 Comp.

Ex. 4

NR/EPDM  B0/20 75725 70/30 65/35 80/20 80/20
(weight ratio)
Physical
properties of
vulcanized
rubber |
Mjs [kg/cm?] 6 6 6 6 4 4
Msg [kg/cm?] 9 9 10 11 T 7
Mioo 16 17 17 18 13 13
[kg/cm?]
Moo 4] 4] 42 43 30 29
[kg/cm?]
M 100 76 75 75 78 55 3
[kg/cm?]
Tg[kg/cm?] 186 180 170 168 120 115
Eg [%] 570 570 560 540 600 600
Hs (J1S A) 30 51 52 53 38 38
Flexural 2.5 1.1 1.0 0.05 — -
fatigue test
crack growth
speed
[X 10—* mm/
cycle]
Ozone 24 No No No No 48
resistance test crack crack crack crack
crack |

OCCUrTence
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TABLE 4 (II)-continued
| Comp.
Ex. 12 Ex. 13 Ex. 14 Ex. 15 Ex 16 Ex 12
time [hrs] '
(Note)

ENB-EPDM of Commtwr. Example 3 and MOD-EPDM of Comparative Exam-
ple 4 are prepared using a Group VB transition meta! catalyst containing a vanadium
catalyst component.

MOD-EPDM of Examples 5 and 6 is prepared using & Group IVB transition metal
catalyst containing s zircomum catalyst component.

From the results set forth in Table 4, followmgs have
been confirmed.

In comparison of Examples 12 to 15 with Compara-
tivc Examples 8 to 11, in each example the same blend-

ing ratio between rubbers is used, the vulcanized rubber
of Enmplcs 12 to 15 prepared using MOD-EPDM is
better in the crack growth resistance by about 2 times
than the vulcanized rubber of Comparative Examples 8
to 11. This means that the MOD-EPDM used in Exam-
ples 12 to 15 is excelient in the covulcanizability with
. NR‘ '

The above-mentioned excellent covulcanizability of
MOD-EPDM with NR influences on the ozone resis-
tance. Specifically, in Comparative Examples 8 to 11,
the effect of inhibiting crack occurrence appears from
when ENB-EPDM is used in an amount of 30 parts by
weight based on 100 parts by weight of the total amount
~of NR and ENB-EPDM, while in Examples 12 to 15,
the effect appears from when MOD-EPDM is used 1n
an amount of 25 parts by weight based on 100 parts by
weight of the total amount of NR and MOD-EPDM,
and the crack occurrence can be perfectly inhibited.
That is, it is good enough to use the MOD-EPDM 1n a
smaller amount than the ENB-EPDM.

In Example 16, the vulcanized sheet prepared usmg a
liquid MOD-EPDM was evaluated on the ozone resis-
tance. Even if the MOD-EPDM is liquid, the crack
occurrence of NR caused by ozone can be inhibited
when the content of the liquid MOD-EPDM is not
smaller than 20 parts by weight based on 100 parts by
weight of the total amount of NR and MOD-EPDM.

In comparison of Example 16 with Comparative Ex-
ample 12, the copolymer of Example 16 prepared using
a Group IVB transition metal catalyst comprising a
- zirconium catalyst component is better in the covulcan-
izability with the conjugated diene rubber than the
copolymer of Comparative Example 12 prepared using
a Group VB transition metal catalyst comprising a va-
nadium catalyst component, and hence the copolymer
of Example 16 is excellent in the ozone resistance and
the tensile strength (T 3). The reason why the copoly-
mer of Example 16 is excellent in the covulcanizability
with the conjugated diene rubber is assumed to be that
the copolymer comes to have double bond at the termu-
nal of the molecule by using the Group IvB transition
metal catalyst comprising a zirconium catalyst compo-
nent.

What is claimed is:

1. An ethylene /a-olefin/7-methyl-1,6-octadiene co-
polymer rubber, said copolymer rubber being a random
copolymer rubber of ethylene, a-olefin and 7-methyl-
1,6-octadiene copolymer, wherein the ethylene/a-
olefin/7-methyl- lﬁ-octadlcne copolymer rubber com-
prises

(i) a molar ratio of ethylene to a-olefin (ethylene/ Qa-

olefin) in the range of 40/60 to 90/10;
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(ii) a content of 7-methyl-1,6-octadiene in the range of
0.4 to 25% by mol;

(iii) an intrinsic viscosity (7)) as measured in decahy-
dronaphthalene at 135° C., from 0.1 dl/g to 8 dl/g;

(iv) an intensity ratio D of Taf to Taa(TaB/Taa) in
a 13C-NMR spectrum of said copolymer rubber not
more than 0.5;

(v) a B value determined by a 13C-NMR spectrum of
said copolymer rubber and the following formula
in the range of 1.00 to 1.50

B=Pog / (WPE-PQ)

wherein Pxis a molar fraction of the ethylene units
derived from ethylene; Pois a molar fraction of the
a-olefin units derived from a-olefin; and Pog 1s a
ratio of the number of a-olefin/ethylene chains to
the number of all dyad chains in the random co-
polymer rubber; and

(vi) a glass transition temperature Tg measured by
DSC not higher than —53° C.

2. An ethylene/a-olefin/7-methyl-1,6-octadiene co-
polymer rubber, said copolymer rubber being a random
copolymer rubber of ethylene, a-olefin and 7-methyl-
1,6-octadiene copolymer and obtained by copolymeriz-
ing ethylene, a-olefin and 7-methyl-1,6-octadiene in the
presence of a Group IVB transition metal catalyst com-
prising (a) a Group IVB transition metal compound
containing a ligand having cyclopentadienyl skeleton
and (b) an organoaluminum oxycompound, wherein the
ethylene/aolefin/7-methyl-1,6-octadiene  copolymer
rubber comprises

(i) a molar ratio of ethylene to a-olefin (ethylene/a-
olefin) in the range of 40/60 to 90/10;

(ii) a content of 7-methyl-1,6-octadiene copolymer in
the range of 0.4 to 25% by mol;

(iii) an intrnsic viscosity (1) as measured in decahy-
dronaphthalene at 135° C., from 0.1 dl/g to 8 dl/g;

(iv) an intensity ratio D of TaB to Taa(TaB/Taa) in
a 13C-NMR spectrum of said copolymer rubber not
more than 0.5;

(v) a B value determined by a 13C-NMR spectrum of
said copolymer rubber and the following formula
in the range of 1.00 to 1.5

B=Pog /(2Pp-Po)

wherein Pgis a molar fraction of the ethylene units
derived from ethylene; Pois a molar fraction of the
a-olefin units derived from a-olefin; and Pog1s a
ratio of the number of a-olefin/ethylene chains to
the number of all dyad chains in the random co-
polymer rubber; and

(vi) a glass transition temperature Tg measured by

DSC not higher than —53° C.

3. The ethylene/a-olefin/7-methyl-1,6-octadiene co-
polymer rubber as claimed in claam 2, wherein the
Group IVB transition metal compound (a) is a zirco-
nium compound containing a ligand having cyclopenta-
dienyl skeleton.

4. The ethylene/a-olefin/7-methyl-1,6-octadiene co-
polymer rubber as claimed in claim 2, wherein the
Group IVB transition metal catalyst comprises a zirco-
nium compound containing a ligand having cyclopenta-
dienyl skeleton, the organoaluminum oxycompound (b)
and an organoaluminum compound (c).

§. An ethylene/a-olefin/7-methyl-1,6-octadiene co-
polymer rubber composition comprising a random co-
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polymer rubber of ethylene, a-olefin and 7-methyl-1,6-
octadiene and a conjugated diene rubber, wherein the
ethylene/a-olefin/7-methyl-1,6-octadiene  copolymer
rubber comprises

(1) a molar ratio of ethylene to a-olefin (ethylene/a-
olefin) in the random copolymer rubber in the
range of 40/60 to 90/10;

(11) a content of 7-methyl-1,6-octadiene in the random
copolymer rubber in the range of 0.4 to 25% by
mol:

(ii1) an intrinsic viscosity (n) of the random copoly-
mer rubber, as measured in decahydronaphthalene
from 0.1 dl/g to 8 dl/g;

(iv) an intensity ratio D of TaB to Taa (Ta/B/Taa)
in 2 3C-NMR spectrum of the random copolymer
rubber not more than 0.5:;

(v) 2 B value determined by a 13C-NMR spectrum of
the random copolymer rubber and the following
formula in the range of 1.00 to 1.50

B=Por/(2PgFp)

wherein Pgis a molar fraction of the ethylene units
derived from ethylene; Pgis a molar fraction of the
a-olefin units derived from a-olefin; and Pog is a
ratio of the number of a-olefin/ethylene chains to
the number of all dyad chains in the random co-
polymer rubber; and

(vi) a glass transition temperature Tg of the random
copolymer rubber measured by DSC not higher
than —53° C.

6. The ethylene/a-olefin/7-methyl-1,6-octadiene co-
polymer rubber composition as claimed in claim 8§,
wherein the content of the random copolymer rubber is
in the range of 5 to 95 parts by weight and the content
of the conjugated diene rubber is in the range of 5 to 95
parts by weight, the total amount of both rubbers being
100 parts by weight. |

7. An ethylene/a-olefin/7-methyl-1,6-octadiene co-
polymer rubber composition comprising a random co-
polymer rubber and a conjugated diene rubber, said
random copolymer rubber being obtained by copoly-
merizing ethylene, a-olefin and 7-methyl-1,6-octadiene
in the presence of a Group I'VB transition metal catalyst
comprising (a) a Group IVB transition metal compound
containing a ligand having cyclopentadienyl skeleton
and (b) an organoaluminum oxycompound, wherein the
ethylene/a-olefin/7-methyl-1,6-octadiene copolymer
rubber comprises

(1) a molar ratio of ethylene to a-olefin (ethylene/a-
olefin) in the random copolymer rubber in the
range of 40/60 to 90/10;

(11) a content of 7-methyl-1,6-octadiene in the random
copolymer rubber in the range of 0.4 to 25% by
mol;

(111) an intrinsic viscosity (1) of the random copoly-

-mer rubber, as measured in decahydronaphthalene
at 135° C,, from 0.1 dl/g to 8 di/g;

(iv) an intensity ratio D of TafB to Taa (TaB/Taa)
in a I3C-NMR spectrum of the random copolymer
rubber not more than 0.5;
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34 _
(v) a B value determined by a 13C-NMR spectrum of

the random copolymer rubber and the following
formula in the range of 1.00 to 1.50

B=Pog/(2PE Po)

wherein Pgis a molar fraction of the ethylene units
derived from ethylene; Ppis a molar fraction of the
a-olefin units derived from a-olefin; and Pog is a
ratio of the number of a-olefin/ethylene chains to
the number of all dyad chains in the random co-
polymer rubber; and

(vi) a glass transition temperature Tg of the random
copolymer rubber measured by DSC not higher
than —353° C.

8. The ethylene/a-olefin/7-methyl-1,6-octadiene co-
polymer rubber composition as claimed in claim 7,
wherein the Group IVB transition metal compound (a)
1S a zirconium compound containing a ligand having
cyclopentadienyl skeleton.

9. The ethylene/a-olefin/7-methyl-1,6-octadiene co-
polymer rubber composition as claimed in claim 7,
wherein the Group IVB transition metal catalyst com-
prises a zirconium compound containing a ligand hav-
ing cyclopentadienyl skeleton (a), the organoaluminum
oxycompound (b) and an organoaluminum compound
(c).

10. The ethylene/a-olefin/7-methyl-1,6-octadiene
copolymer rubber composition as claimed in claim 7 or
claim 8 wherein the content of the random copolymer
rubber is in the range of 5 to 95 parts by weight and the
content of the conjugated diene rubber is in the range of
> to 95 parts by washed with water and ethanol succes-
sively, followed by the addition of 300 m! of ethanol and
2 ml of concentrated sulfuric acid. The obtained mix-
ture was refluxed for about 5 hours and distilled under
a reduced pressure to remove the ethanol. Water was
added to the obtained residue. The obtained mixture
was made alkaline with a dilute aqueous solution of
sodium hydroxide and extracted with ethyl acetate. The
ethyl acetate phase was washed with water, dried over
magnesium sulfate and purified by silica gel column
chromatography (solvent: hexane/ethyl acetate) to ob-
tain 2.75 g of ethyl ester of the title compound.

NMR (CDCl3)0;

1.28(3H, t, J=8H2z), 3.26(2H, d, J=6H2z),

4.2(2H, q, J=8Hz), 5.8~6.7(2H, m), 7.3~7.5(4H,m),
7.74(1H,d,J=1Hz), 8.04(1H, 4d,J=1Hz)

2.7 g of the above ester was dissolved in 50 ml of
methanol, followed by the addition of 14 ml of IN
sodium hydroxide. The obtained mixture was
stirred at 30 to 40° C. for about 2 hours and distilled
under a reduced pressure to remove the methanol.
The residue was neutralized with In hydrochloric
acid to precipitate a solid. This solid was recovered
by weight, the total amount of both rubbers being
100 parts by weight.

11. The -ethylene/a-olefin/7-methyl-1,6-octadiene
copolymer rubber of claim 1, 2, §, or 7 wherein said
a-olefin is a member selected from the group consisting
of a-olefins having 3 to 6 carbon atoms.

12. The ethylene/a-olefin/7-methyl-1,6-octadiene
copolymer rubber of claim 1,2, or 7 wherein said a-

‘olefin 1s propylene.

* * %X % x
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